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e Objectives of the project

Science & Groupware

Scope

e ESA/ESTEC contract
e Technical Officer: David Rodgers
e Partners: ATRIUM, ONERA, OHB-Sweden, ASTRIUM

e Adaptation to industrial needs and MEO/GEO orbits constraints :
e Improvements based on the existing SPIS software
¢ Implementation of the highest-priority requirements identified in User Requirement WP
e Excludes: software parallelisation and development of new solvers

Objectives
e Provide a version of SPIS adapted to engineering applications
e Simplified User Interface (wizard-based approach and predefined models)
e Support of new file formats used in the industry (STEP and GDML)
¢ Physical models adapted to MEO/GEO orbits and commercial space platforms
¢ Tested software against in-flight observations and existing codes

Keep the compatibility of SPIS-GEO with the standard SPIS

version
e A new user interface will be plugged into the existing SPIS-NUM library: SPIS-GEO will be a
different “execution mode” of the same software

e SPIS-GEO projects will be compatible with the standard version of SPIS
e All changes will be reversed to the standard version of SPIS
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sy Ul and framework evolutions

Science & Groupware

Automated modelling steps:

e Geometry files import

e Simulation mesh size control

e Thin wires and plates support

e Automated selection of particle current models and solver attributes

e Generation of output plots and exports

Simplified modelling steps:
e Standard materials and user-friendly definition of new ones
e Allocation of properties to groups
e Simplified plasma parameters definition and predefined worst cases
e Simplified definition of spacecraft circuit
e Solar array electrical behaviour
® Project saving, loading and batch running

¢ |ntroduction of wizards based approaches
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ALETIRYGIES Refactoring of the low level components
Science & Groupware

About 90% of the SPIS-UI framework components has
been redeveloped

e Most of low level components fully redesigned
¢ Following clean design paterns

e Fully Java based (no more Jython components at the low level)
e Performences improvement

e Better stability
e More Homogenous

e Test-driven development chain based on a normalised continuous integration process (Maven,
Hudson, Sonar)

e Improved code quality and validation process = Sonatype
e Simplify the software development ampren

process (including in the frame of the e
SPINE community)

e Simplify the deployment (e.g
dependencies management)

e JUnit based regression tests chain
e Use of industrial standards

e OSGI/D-OSGlI

e Felix Apache

e VTK

ooooooo
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Samed Keridwen: a new framework

Science & Groupware

A new generic Artenum’s Integrated
Modelling Environment (IME)

e Modular (bundles replace Spis Tasks)
e Fully Java
e OSGI based (industrial standard)
e For a better future inter-operability with other tools
e G-Eclipse
e ESA-Base
[
e For future distributed architecture (client/multi-
servers) using D-OSGI
Data model generation using XML model description
Generic data storage & persistence
Messaging system
Evolutivity
Integrated 3D meshing tools (Penelope, GMSH)
Integrated visualization tools (Cassandra, VTK)
3D modelling tools (Open Cascade)
Use of your business codes
Find what your looking for easily (data mining tools)
KERIDWEN
B [oward other communities INTEGRATED MODELLING ENVIRONMENT
e Community critical mass increase for non tailored
components
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gtp New mesh capabilities

Introduction of Penelope

® |mproved performances
e Memory cost
¢ |/O and processing time
e Dynamical management of mesh elements (needed for the mesh splitting/modification/
editio,n
e Full Java based support of DataFields / MeshMasks (i.e old Data/Fields mesh fields)
e Dynamical mesh structure extension/modification
e XML based persistence scheme (and in future NetCDF)
e Fully support of Gmsh file formats evolutions
e Format V2.0
e Support fields deployed on the mesh
e Other mesh file formats
¢ |[nclude a Java wrapping of Gmsh
e Better data exchange
e Better integration of Gmsh into Keridwen
e Reversed to the Gmsh community -> part of the Gmsh dynamics
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k@i"ii.ﬁt’?&ﬁﬁi!i Post-processing: Cassandra

An easier to use tool
® More filters
e 3D widgets to control filtres
e Better GUI interactivity

B Cavranda e 25 1hery Tombs Mel D R AR
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[l Properties Tree
» L The_Prop_1
v B testSerie
sin{x)/x and cos(x)/x
singx)/x
¥ [ testSerie-copy
sin{x)/x and cos(x)/x
Sin{x) /x
Y @ ITO, default
MatModelid
ProtSecEmis
VolConduct
Temperature
MatThickness
IndConduct
PhotoEmis
MatTypeld
SurfConduct
SunFlux
il Aluminum
4l Gold
L Kapton
Ll Teflon
wl OSR
L Black Kapton
Ll Solar Cells
Ll Npaint
Ll Graphite

Y ¥ ¥Y ¥y Y Y Y Yy

Load Prop | Save Prop | Import NASCAP | New console | Update List

Characteristic Editor

Id )

Name ElecSecEmis

Type Integer

Value 1 ‘Unit | None
Localisation ~ On Face

Description

SPIS numerical boundary properties

o
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] Frida: properties settings

Science & Groupware

Full new library for properties
editions and settings

More homogenous and self-
consistence managment of
properties
Generic
Easier to use: No more drama in the
properties settings and groups
editions in SPIS-Ul!
Fully XML based persistence
Scheme
Compliant with existing SPIS-UI
and NASCAP material characteristic
format
More type of data supported, wit
more physics

¢ Tabulated data

e Multi-dimensionnal data



RTENUM, PARIS Frida:

Science & Groupware

properties settings

Load Prop | Save Prop l Import NASCAP New console Update List

|l Properties Tree Property Editor
» L The_Prop_1
¥ [ testSerie Id 7
sin{x)/x and cos(x)/x Name Aluminum
singx)/x
¥ [ testSerie-copy Parent Property None
sin{x)/x and cos(x)/x Description
sin()/x NACAP material
¥ @ ITO, default
MatModelid
ProtSecEmis
VolConduct
ElecSecEmis Sub-properties list
Temperature :
MatThickness Sl
IndConduct
PhotoEmis
MatTypeld
SurfConduct
SunFlux ;
. _}m Characteristic list
» @l Gold v is valid
>l Kapton radiationinduced ConductivityCoef
» Ll Teflon nl a
> Ll OSR photoklectronCurrent
» L Black Kapton thikness -
» L Solar Cells density v
B L—J Npaint (oK )
» L Graphite '
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Full new library for properties
editions and settings
e More homogenous and self-
consistence managment of
properties
e Generic
e Easier to use: No more drama in the
properties settings and groups
editions in SPIS-Ul!
e Fully XML based persistence
Scheme
e Compliant with existing SPIS-UI
and NASCAP material characteristic
format
e More type of data supported, wit
more physics
¢ Tabulated data
e Multi-dimensionnal data



|} Properties Tree

» L The_Prop_1

v B testSerie
sin(x)/x and cos(x)/x
sin(x) /x

v B testSerie-copy
sin(x)/x and cos(x)/x
sin(x) /x

¥ @ ITO, default
MatModelid
ProtSecEmis

Load Prop ] Save Prop | Import NASCAP | New console ] Update List

Characteristic Editor

Id
Name
Type
Value

Localisation

Description

VolConduct
ElecSecEmis
Temperature
MatThickness
IndConduct
PhotoEmis
MatTypeld
SurfConduct
SunFlux

¥ 3 Aluminum
nl
photoElectronCurrent
thikness
density
secondaryklectronYield
n2
incidentProtonEnergy
radiationinducedConductivityPower
doubleprimaryElectionEmission
bulkConductivity
color
maxPotential
surfaceResistivity
atomicNumber
secondarytlectronEmission

o .

16

'dualionlnducedConductwi(yCoef.

Double

17 Unit  None v

On Face

OK
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] Frida: properties settings

Science & Groupware
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editions and settings
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RTENUM, PARIS Frida:

Science & Groupware

) Properties Tree
» L The_Prop_1
¥ [ testSerie

Sinlx)/x
¥ B testSerie-copy

sinlx) /x

¥ @ ITO, default
MatModelld
ProtSecEmis
VolConduct
ElecSecEmis
Temperature
MartThickness
IndConduct
PhotoEmis
MatTypeld
SurfConduct
SunFlux

Ll Aluminum

Ll Gold

Wl Kapton

il Teflon

L OSR

L Black Kapton

Ll Solar Cells

Gl Npaint

Ll Graphite

Y ¥ ¥y ¥y ¥Y Y Y'Yy

sin(x)/x and cos(x)/x

sin(x)/x and cos(x)/x

Load Prop | Save Prop [ Import NASCAP ‘ New console Update List

Characteristic Editor

Id
Name
Type
Value

Localisation

Description

2
sin(x)/x and cos(x)/x

SeriesOfDouble

" Edit ) [ Plot

. Undefined

\

Unit |

( oK
o ——
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properties settings

Full new library for properties
editions and settings

More homogenous and self-
consistence managment of
properties
Generic
Easier to use: No more drama in the
properties settings and groups
editions in SPIS-Ul!
Fully XML based persistence
Scheme
Compliant with existing SPIS-UI
and NASCAP material characteristic
format
More type of data supported, wit
more physics

¢ Tabulated data

e Multi-dimensionnal data



RTENUM, PARIS Frida:

Science & Groupware

) Properties Tree
» Ll The_Prop_1
¥ [ testSerie
sin(x)/x and cos(x)/x
sin(x)/x
¥ B testSerie-copy
Sin(x)/x
¥ @ ITO, default
MatModelld
ProtSecEmis
VolConduct
ElecSecEmis
Temperature
MatThickness
IndConduct
PhotoEmis
MatTypeld
SurfConduct
SunFlux
Gl Aluminum
il Gold
Ll Kapton
Gl Teflon
Ll OSR
. Black Kapton
il Solar Cells
Gl Npaint
il Graphite

Yy¥ ¥ ¥y ¥y ¥y Y Y YYy

Load Prop | Save Prop | Import NASCAP | New console ] Update List

Characteristic Editor
Id 2
Name sin(x)/x and cos(x)/x
Type SeriesOfDouble
' 4 " \ ' 4 \ 2
Value Edit . Plot ) Unit
Localisation Undefined .
Description
index xSerie ySere_1 yierie_2
0 0.1 0.9983341664682815 9.950041652780257
1 0.2 0.9933466539753061 4.900332889206208
2 0.30000000000000... 0.9850673555377986 3.1844549637520196
3 0.4 0.9735458557716262 2.3026524850072128
4 0.5 0.958851077208406 1.7551651237807455
S 0.6 0.9410707889917257 1.3755593581827972
6 0.7 0.9203109817681301 1.0926316961206979
7 0.7999999999999999 0.8966951136244035 0.8708833866839569
8 0.8999999999999999 0.870363232919426 0.6906777425229607
9 0.9999999999999999 0.8414709848078965 0.5403023058681399

10 1.0999999999999999 0.8101885091467594 0.4123601103868887
11 1.2 0.7766992383060219 0.30196479539722
12 1.3 0.7411986041670715 0.20576832971122
13 1.4000000000000001 0.7038926642774715 0.12140510207160
14 1.5000000000000002 0.6649966577360362 0.04715813444513
15 1.6000000000000003 0.6247335019009406 -0.0182497014383
16 1.7000000000000004 0.5833322414426284 -0.0757908789973
17 1.8000000000000005 0.5410264615989971 -0.1262233859406
18 1.9000000000000006 0.49805267773021 -0.1701524036123
19 2.0000000000000004 0.454645871341284 <0.2080734182735
20 2.1000000000000005 0.4110520793566063 -0.2404029069523
21 2,2000000000000006 0.36749836537254 0.2675005078433
22 2.3000000000000007 0.3242196574681389 -0.2896852266434
23 2.400000000000001 0.28144299189631 -0.3072473814755
24 2.500000000000001 0.23938885764158... -0.3204574462187
25 2.600000000000001 0.19826975839287 -0.3295725974495
26 2.700000000000001 0.1582888445310477 -0.3348415340803
27 2 Ronnnannnnannnt N 119RIRAZ?SNESAKT

N IIRSNTATRRIN?
0K \
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properties settings

Full new library for properties
editions and settings

More homogenous and self-
consistence managment of
properties
Generic
Easier to use: No more drama in the
properties settings and groups
editions in SPIS-Ul!
Fully XML based persistence
Scheme
Compliant with existing SPIS-UI
and NASCAP material characteristic
format
More type of data supported, wit
more physics

¢ Tabulated data

¢ Multi-dimensionnal data



Science & Groupware

RTENUM, PARIS Frida:

Load Prop | Save Prop | Import NASCAP | New console ] Update List
| ?’°p°'“e‘ Tree Characteristic Editor
» L The Prop_1
¥ [ testSerie Id <
N J
sinfx)/x and cos(x)/x Name sin(x)/x and cos(x)/x
Sinlx)/x
v @ testSerie-copy Type SeriesOfDouble
sin(x)/x and cos(x)/x - ( \ -
Value Ceaie ) (Pior ) Unit
Sini(x)/x —
v @ ITO, default Localisation . Undefined v
MatModelld Description
ProtSecEmis
volConduct
ElecSecEmis
Temperature
MatThickness
IndConduct
PhotoEmis index xSerie ySerie_1 yierie_2
MatTypeld 0 0.1 0.9983341664682815 9.950041652780257
] 0.2 0.993346653975306]1 4.900332889206208
SurfConduct 2 0.30000000000000... 0.9850673555377986 3.1844549637520196
SunFlux 3 0.4 0.9735458557716262 2.3026524850072128
> @8 Aluminum 4 0.5 0.958851077208406 1.7551651237807455
- 5 0.6 0.9410707889917257 1.3755593581827972
» L Goid 6 0.7 0.9203109817681301 1.0926316961206979
» {3 Kapton 966951136244035 0.8708833866839569
- o : 70363232919426 0.6906777425229607
Sinlx) /x and cosix)/x
> il Teflon . 414709848078965 0.5403023058681399
» [l OSR ‘ 101885091467594 0.4123601103868887
» @ Black Kapton 9.560¢-1 766992383060219 0.30196479539722
- 8.0236-1 | 411986041670715 0.20576832971122
» Ll Solar Cells 038926642774715 0.12140510207160
» [l Npaint 663661 - 649966577360362 0.04715813444513
a ‘ 247335019009406 -0.0182497014383
» & Graphite 5,3486-1 833322414426284 -0.0757908789973
£ ions 410264615989971 -0.1262233859406
é 9805267773021... -0.1701524036123
> S0 5464871341284, -0.2080734182735
110520793566063 -0.2404029069523
133761 6749836537254, -0.2675005078433
242196574681389 -0.2896852266434
0.000£0 8144299189631, -0.3072473814755
) 3938885764158, -0.3204574462187
~L33¥e-1 9826975839287... -0.3295725974495
2.6768-1 $82888445310477 -0.3348415340803
0,000€0  S3TSED  LOVSEL 16131 215061 26841 9RIRARISNSSA7 N IIRSN7Q7RRIN?
xSeries p—OK—9
N—

Ysere
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properties settings

Full new library for properties
editions and settings

More homogenous and self-
consistence managment of
properties
Generic
Easier to use: No more drama in the
properties settings and groups
editions in SPIS-Ul!
Fully XML based persistence
Scheme
Compliant with existing SPIS-UI
and NASCAP material characteristic
format
More type of data supported, wit
more physics

¢ Tabulated data

¢ Multi-dimensionnal data



@gtp A first intearation

A wizard and project based simplified GUI

SPIS-GEO
File Edit “iews Tools Help

'#'J l J H {_‘:,\ =) D d“ lﬁ
.

& B
] A
=4 5
Yy
h'.,\-'
g
="
i
Open an existing project Create a new project
) Help
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@SLP A first inte
Science & Groupware

ration

A wizard and project based simplified GUI

SPIS-GEO

File Edit “iews Tools Help

N IPIEISEY

¢ oo
r‘ A
& .
52!

Open an existing project | Create a new project
S Still will be compliant with the future evolutions of advanced
of SPIS (e.g SPIS-SCI)
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| - -
wawoed A simplified GUI
Science & Groupware

SPIS-GEO
File Edit “iews Tools Help

LU & DDNAE

Mew project = - |
Project name Project parent folder !?
DefaultProject l | | Browse J .

Project description

HOCosEHE0e

Study name

DefaultStudy

Study description

£ Help l <] Previous J l [ Next J
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ﬁ% Better CAD tools integration

Science & Groupware

Better integration of CAD tools and groups edition

e A lot of intermediate processing and non-tailored steps hided

W N

® groups conversion | SPIS-GEO
. . File Edit Wiews Tools Help
e fields mapping OJ0d £900r
o o . g) ol Geometry viewer X main.geo X -
e Better integration of Gmsh 2 | "= Ser—
e Better WISIWIG approach = Sopengeomery e
L | Edit geometry file |
e Better control of the b o
meshing tool o oo ]
e Basic STEP file format
import facilities (Gmsh
OCC plugin)
Y\L}c
£ Help [ <] Previous J [ [ next J
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RTENUM, PARIS

Science & Groupware

¢ Applications Raccourcs Systeme

KeridwenVTKFactor
y-1.0.2-bash

vmware-tools-
distrib

te

Fichier Edition Affichage Rechercher Terminal Alde

SPIS numerical simulation
Task durations

Kernel inte

-8

O S ® cassandra

Ke File| #lle Egt Vew S0

<

=

sz Eiltare

3 4 ODis ~He
338

)

ol i3z

View | Tres I Feeling
| | |

itaset final plasma potential vertexvik (1]

erker

Norma

Task Simulation integration Cu’l

Task Plasma

- Task Plasma/sC Intera

- Task SC Circult

» Task Results storing
Task Transitions
Task Instruments

Plasma subtasks
Task Poisson Solver

Task Move all pepulations

At population level

- Task Injection of 1onsl

« Task Push of jorsl
« Task Move of iorsl

- Task Injection of elecl

Task Push of elecl
lTask Move of elecl

ctions 1

Cunulative duratic

. nsiceOut

Cumplative duratio
Cunulative d

| Cumulative duration

Cumnulative duration

Cunulative d
Cunulative d

Cunulative d
Cunulative duration
Cunulative duration
Cunulative duration
Cunulative duration

| Cunulative duration

currentSurfResult can not be cxported yet

O jyu@jujuvirtualmac... E SPIS-CEO
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1
Active 30 widget

Undate ance

7 SECONDS
168 SECONDS
115 SECONDS

ration




ration

=
piawvdiond Kernel inte
Science & Groupware

Last version of SPIS-NUM

kernel has been integrated
e Full compliance with Penelope
e |nput/output DataField
e Possibility to import existing
projects (through DataField)
e Simulation output recovering
e Improved performances
e Faster data extraction and
conversion
® [mproved data-mining in
replacement of the current
«DataField Manager» ( under
integration)
e [mproved interfacing with SPIS-
NUM
e petter control
e petter monitoring (not done yet)
e Allow the introduction
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ESLH’A New features: mesh splitting
Mesh splitting
e Needed to model with
<

good performances
e solar panels

® antennas Solar panel Thin plate
e instruments (SPIS-SCI) e
e Specific pre-processing
needed to use dedicate y )
SpisNum models
e Necessity to introduce Antens Wire

hypothesis and models to
pass from «3D» to «thin 2D» models
e Necessity to modify the mesh by «crack it» in order to split the mesh
elements corresponding to the thin elements
® Deep modification of the mesh library: JFreeMesh -> Penelope
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pwetiond IViesh splitting
Science & Groupware

<« Side A

<«—— SideB

Requires to:

¢ |dentify the elements being split, i.e the thin surface

¢ |dentify both sides

¢ Duplicate elements on the thin surface

¢ Re-build the connectivity for elements belonging on the split elements
¢ |dentify and re-build on the boundaries of the surface

e Deploy identification fields and tags needed by SPIS-NUM
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wiawesed IViesh splittine
Science & Groupware

Specific case of boundary elements

splitting e Missing face

------------ Duplicated thin plate

-—=- Original thin plate
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RTENUM., PaARIS

Science & Groupware

Solar panel
\ Mesh
Splitting
+
clipping

-------- - Original thin plate
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@\RTENUM. PARIS
Science & Groupware

Results 2/2

Mesh
Splitting
+
clipping

© Artenum 2010

mercredi 7 mars 2012



ﬁRTENUM. PARIS
Science & Groupware

Results 2/2

Mesh
Splitting
+
clipping

Operational in Penelope, but some fields needs to be
defined to make it fully operational in SPIS-NUM
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E%mg:&mgg SPIS-NUM Kernel evolutions

Several improvements

e |[mproved models (in synergy with SPIS-SCI developments)
¢ transitions managements (e.g eclipse exit)
e 2D thin elements
e Self-shadowing for a better control of the Pe emission

e Better monitoring and simulation control (in synergy with SPIS-SCI)
e stop/resume
® instruments

© Artenum 2010
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STYNSCITEY Robustness, precision and efficiency of the code

Science & Groupware

Convergence criteria and diagnostic parameters

monitoring
e Convergence and diagnostic parameters:
e | arge sensitivity analysis of results to physical and numerical parameters and good
comparison to analytical model -> Most of pre-defined settings identified
e Real-time monitoring
e Multi-threading of the particle pusher -> Gain of efficiency on multi-proc OS

600
500
400
300
200
100
0
0 1000000 2000000 3000000 4000000 5000000 6000000
“® freeMesh total access time (in "™ Penelope total access time (in s)
s)
Figure: Access performance comparison between JFreeMesh (in blue) and Penelope (in
red). Total access time in seconds for increasing number of tetrahedra (lower is better)
© Artenum 2010
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STYNSCITEY Robustness, precision and efficiency of the code

Science & Groupware

space craft solar panel (dielectric)

\L surface

L ) T

electrical connection solar panel
(ground) structure
kapton patch
0
e ECSS worst case environment [~
: : . : -5000
* Eclipse exit with change in sun flux and (\\ |
material conductivity > 10000
@
time Sun flux (1.0 @ | CERS bulk kapton bulk g \\\
[s] 1 A.U) conductivity conductivity a -15000
[ohm-1.m-1] [ohm-1.m-1] g/_/ —— elecNodeOsurface
0 0 le-15 le-15 -20000 elecNode1surface
—— elecNode3surface
1000 0 le-15 le-15
-25000 . . . .
1100 1.0 le-14 le-15 0 500 1000 1500 2000 2500
2000 1.0 le-13 le-15 time, s
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wiwetiend Self-Shadowin
Science & Groupware WI .

photoelectron current dersity, A/m2 photoelectroncurrent dersity, A/m2
-1.6e-5 -1.2e-5 - -1.6e-5 -1.2e-5 -

”””IH|||||||||||||H”HIl||||||||”””|”|l| |||||||H|||||||||||||||||||||||||||||f|||||||||||
0 0

-1.9765e-5 -1.9765e-5
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@gtp Expected schedule

We are late... SPIS’s users are waiting for SPIS-GEO
e Synergy / synchronisation with other projects ( SPIS-SCI, EIShield...)
e Strong (actually larger than expected) refactoring of low level components of SPIS-UI
¢ | onger than expected validation phase
Current «pre-release» is still a development version
e Only for the develop team and ESA for now, being
e Under integration
e o be validated
e Based on a fully redeveloped and validated framework
e All needed elements of the both pre and both processing chain are ready
e Some of them still need to be integrated into the framework
Large validation campaign will be performed by the industrial
partners (OHB, Astrium), in order to:
¢ \/alidate the tools from an physical point of view
¢ \/alidate the global ergonomie of the tools as an «industrial user point of view»

First stable release expected for end of may 2012
e For the next SCTC 2012.... Welcome to Japan!
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