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Science & Groupware

Context

e Increase of complexity of future commercial mission
— For sample increasing of power
e Space environment more and more hostile for scientific mission

— Jovian environ

ment for example
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Use of COTS
components

New spacecraft design
must be considered
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e Increase of complexity of future commercial mission
— For sample increasing of power

e Space environment more and more hostile for scientific mission
— Jovian environment for example
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e Increase of complexity of future commercial mission
— For sample increasing of power
e Space environment more and more hostile for scientific mission
— Jovian environment for example

Use of COTS
components

N

P

v

New spacecraft design
must be considered

v

Require finer modeling
of the impact of space
environment

Radiation analysis

© Artenum 2013
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Presentation of existing simulation tools
e GRAS: radiation analysis tools based on Geant4

— 3D Monte-Carlo

— Initiated and developed by G. Santin from ESTEC

— Supported by a large community of experts

— Allow to compute deposited dose, deposited energy, charge, ...
— Allow to model complex 3D geometries and sources

— Available on the ESA website:

space-env.esa.int/index.php/geant4-radiation-analysis-for-space.html

© Artenum 2013 8
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Presentation of existing simulation tools

e Current limitations of GRAS:

— Limits to create CAD geometry in a dedicated 3D tool

— Limits to load and edit an existing geometry in a dedicated
3D tool

— Limits to create materials in a dedicated graphical tool

— Limits to attribute a material to a specific shape in a
dedicated 3D tool

— Limits to create and visualize a source in a dedicated 3D
tool with the visualization of the global geometry

— Limits to perform 3D post-processing operations on GRAS
3D results (cutting plane, clipping, ...)

© Artenum 2013
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Presentation of existing simulation tools

e SPIS IC: 3D PIC code used to perform internal charging analysis:
— SPIS is initially used to model the spacecraft plasma interactions
— SPIS is an open source software freely available through the
SPINE community:

http://dev.spis.org/
— Initiated by the ESA and CNES agencies
— Became the de facto reference tools in the plasma-spacecraft
Interactions
— Recently extended to the internal charging

— Internal charging analysis needs radiation analysis as input
(deposited dose and charge)

— More details in the Pierre Sarrailh’s presentation called “Internal
charging simulation at a Galileo like orbit — effect of the
anisotropic shielding and of the environment definition”

© Artenum 2013 10
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RTENUM, Paris ;
@\ Science & Groupware O u t I I n e

Presentation of a new single modelling chain able to manage radiation
analysis and internal charging analysis

Currently finalization of the validity of this modelling chain

e Presentation of the validity of this new modeling chain with a
realistic test case

— Presentation of the test case
— Presentation of the whole modeling chain

— Use the modeling chain with a realistic test case

© Artenum 2013
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@Lﬁ””‘”‘s Test case presentation

Consider a realistic Raspberry Pi card

e Non space validated example even if AstroPi project may be also
considered:

https://astro-pi.org/about/hardware/

e Realistic in term of complexity

Objective: Check the
validity of the whole
modelling chain

Still need to adapt 3D
CAD model-> expertise
needed

© Artenum 2013
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@Sl phnselieasd TESt case presentation

Objective: perform a radiation analysis and an internal charging analysis
on a component considered as a sensitive component

CPU is considered as the sensitive component

Inputs:

e MEO worst case
during 1 hour (data
from CNES/ONERA)

e Industrial complex
STEP-AP geometry file
— Capacitor
— Microprocessor/CPU
— Ethernet port

© Artenum 2013
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@\ Science & Groupware O u t I I n e

Presentation of a new single modelling chain able to manage radiation
analysis and internal charging analysis

e Presentation of the validity of this new modeling chain with a
realistic test case

— Presentation of the test case
— Presentation of the whole modeling chain

— Use the modeling chain with a realistic test case

© Artenum 2013
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@L‘*””P"‘E Modelling chain presentation

e Complex modeling chain
presented later with the test case

e Thanks to the experience acquired
during the ESA projects and
previous works realised with G.
Santin (CIRSOS, ELSHIELD,
3DMICS, ...)

© Artenum 2013

GDML Definition

{ SPIS-Services IC Application }
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RTENUM, Paris ;
@\ Science & Groupware O u t I I n e

Presentation of a new single modelling chain able to manage radiation
analysis and internal charging analysis

e Presentation of the validity of this new modeling chain with a
realistic test case

— Presentation of the test case
— Presentation of the whole modeling chain

— Use the modeling chain with a realistic test case

© Artenum 2013
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e Convert the input STEP-AP
geometry file in GDML file

compatible with Geant4/GRAS
software

e Problem: STEP-AP geometry
format is a B-Rep geometry
representation and GDML
geometry file is a CSG geometry
representation

© Artenum 2013

@L Sample of use of the modelling chain
Rawetisaed \\Vith a realistic test case

GDML Definition

{ SPIS-Services IC Application }
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@L Sample of use of the modelling chain
Mhamietioned \\/ith a realistic test case

Presentation of B-Rep geometry representation and the CSG geometry
representation

B-Rep geometry CSG geometry
representation (STEP-AP representation
geometry file and SPIS (GDML

geometry file): GRAS/Geant4 file):

pamty

\J

s — —> \ /
4 points 4 lines 4 Llne Loops

1 Volume

4 Plane Surfaces
ey L TACE LOOD 18



@L Sample of use of the modelling chain
Rawetisaed \\Vith a realistic test case

e Solution: The conversion from the STEP-AP geometry file to the
geometry GDML file is performed by a tessellation

e Several approach can be considered to perform tessellation in
EDGE software
— OCC mesher
— Netgen mesher
— Combination of OCC mesher and Netgen Mesher

e The Netgen mesher seems to be the better approach to limit the
overlaps problem considered by Geant4

T

OCC+
OCC Netgen

" H Netgen
mesher mesher
| mesher




‘@L Sample of use of the modelling chain
pwsotaeand \\/ith a realistic test case

EDGE software presentation
e EDGE= ExtendeD Gdml Editor

e Geometric feature
— Create a GDML geometry from scratch
— Load and visualize an existing GDML file
— Edit existing GDML "“solids”
— Add GDML "“solids” to an existing GDML geometry
— Support of several GDML shapes (box, cone, cylinder, ...)
— Support geometry hierarchy

e Material feature:
— Create a GDML material from scratch
— Load and visualize an existing GDML material file
— Edit existing GDML material
— Attribute GDML material to an existing GDML geometry

© Artenum 2013 20



‘@HTEMUM. Paris
Science & Groupware
L

EDGE presentation

Sample of use of the modelling chain
with a realistic test case

d Artenum EDGE [ExtendeD Gdml Editor]
.gdmi ; L
x .gdm|
IMPOrt == et = Export
A 3
.geo — l
A | oot () e J
Stp .. —
V4 "m m @)
St - .geo
: J 7}'»-
.msh
A — Tesselatec Visualization/creation/edition
|.unv INn EDGE
21
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RTENUM. ParRIS

Science & Groupware

Sample of use of the modelling chain

with a realistic test case

Import the STEP-AP file through a Netgen tessellation in EDGE

File Views Tools

Artenum EDGE [ExtendeD Gdml Editor]

,_§ ™ Geometry T} Materials

00 shapes

o,
a

\m

Y
d

LY

5

Shape

v  Box
» ™ Condensator
» ™ cthernetPort
» ™ motherBroad
» ™ outStream
» ™ serialPortl
» ™ serialPort2

» ® CPU
» # USB_Port

Ce8ee00es:

I»|

LA

0 EEREREREDO?

(] Properties

Type Tesselated Solid

Name CPU

Units configuration
f

Length | Angle |rac
| ength [(m  v|Angle |rac

Position
—

X 00 Y 0001 Z 0.0

Rotation
—~

X 00 ¥ 00 Z 0.0 |ra

| cancel | | Agaly
<« >

Z+1|0 |

v
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RTENUM. ParRIS

Science & Groupware

Perform some geometric operations like translations to GDML solids to

avold Geant4 overlaps

X = o

File Views Tools

Sample of use of the modelling chain
with a realistic test case

Artenum EDGE [ExtendeD Gdml Editor]

A ™ Geometry [] Materials

r’|‘_‘] Shapes

L= L%

Shape

v # Box
» ™ Condensator
» ™ othernetPort
» ™ motherBroad
» ® outStream
» ™ serialPortl
» ™ serialPort2

» B USB Port

£} Add a new shape

.
1
'.eg*

cesesecoee™
EREEEEEEOY)

|
o,
a

f[] Properties .

Type Tesselated Solid

Name CPU

Units configuration
s N
Length |m .'| Angle |rad ‘ 'l

Position

X 00 | ¥ 0001 Z 00 m |®

Rotation

X |00 Y 00| Z 0.0 rad R

| Cancel || Apply |

\vm

I
sy

" —-D;‘-')‘}mi‘l_w;‘\\:m-. -
N ey A P e\ R o) iRt 2

© Artenum 2013
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e GDML material description fully
compliant with Geant4

e Material edition
— Creation of a complex material
from scratch
— Use of a built-in pre-defined
material in the EDGE data base

e Possibility to attribute a material
to an existing GDML solid through
WYSIWYG GUI

© Artenum 2013

@L Sample of use of the modelling chain
Rawetisaed \\Vith a realistic test case

GDML Definition

{ SPIS-Services IC Application }
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RTENUM. ParRIS

Science & Groupware

Sample of use of the modelling chain

with a realistic test case

Define and attribute materials to GDML solids in EDGE

File Views Tools

Artenum EDGE [ExtendeD Gdml Editor]

A - ™ Geometry T Materials

[] shapes —Ij'l:lm - =
vPBox-1 A
v 48 Shape_Default N
[ formula = 3
[fz=10 O — =
v P condensator -5 ‘I iéwm%ﬁé}
v 4 Mat_IRON =1 A —A [l
ﬂﬁ D = 7.874 glcm3 A ;}‘Q/‘ vs'f \‘:&:
& o B AT \
|__L| state = unknown a‘ ‘—"'7'\.-‘4\& \,‘,
» &4 fraction_iron <] B‘ EA!W'Q \h\ﬂy&
v [ ethernetPort - 616 v "\‘&\V’ ""5_ [ it
v & Mat_IRON R A\ g
[[D=7.874 g/cm3 el
[ formula = IRON ;
[fz=00 %,,»
[ state = unknown 2
» &4 fraction_iron
v [ motherBroad - 7021 (1 Properties =
¥ ,ﬂ Mat_Epoxy
[YiD=1.2 g/cm3 Id 7 Name  Mat_IRON _{‘
[1 formula = Epoxy
|__L| 700 FParent PropertyMone
[1 state = unknown Description
» &8 fraction_Hydrogen
» &8 fraction_carbon
v P outStream - 7670 /
v £ Mat_IRON
[1D=7.874 gicm3
[ formula = IRON
[fz=00 Sub-properties list
[1 state = unknown (
» &4 fraction_iron s compound
M serialPortl - 8785 v fraction_iron ¥

© Artenum 2013
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‘@HTEMUM~ Paris
Science & Groupware

e Saving of geometric description
and material attribution in GDML

file

e Possibility to convert the geometry
to a SPIS compliant CAD model
— CSG to B-Rep decomposition
— Exact geometrical conversion
(without tessellation)

e Extraction of the sensitive
components to consider
— For dose and charge calculation
— For internal charging analysis

e \Volume mesh of this sensitive

components

© Artenum 2013

Sample of use of the modelling chain
with a realistic test case

{ SPIS-Services IC Application }

GDML Definition

CAD Material
Editor Editor

iations

Radiations Analysis

Radiation Tool
Manager

Additional B-Rep
CAD edition

Groups Edition
Pre-processing
Data Fields | | Interna
Chargi
Si ation
Settin

Post-processing
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Sample of use of the modelling chain
Riwsiasand \Vith a realistic test case

As example, ARM/CPU iIs considered as sensitive volume

e volume mesh used to define the mesh input for the internal
charging analysis
e volume mesh used as support of GRAS scoring

Artenum EDGE [ExtendeD Gdml Editor] = o x

File Views Tools

A ™ Geometry T} Materials (] Mesh viewer - o

LR R L® L%

Shape roa

v  Box

| »  Condensator
» B ethernetPort

| » ® motherBroad
» B outStream

| » ™ serialPortl
» B serjalPort2

> m CPU

» B USB_Port

)

0 EEREREREO?

-

ol 11 1 Iefo] I }
I»]

1<r\

L

(] Properties :

J+0 |

jType Tesselated Solid

Name CPU

Convertto S

Units configuration

Length |m v Angle @

format + extraction =

Position

R: 4616

of sensitive

7203

component +

S 0.0 [N 0.0 [y 0.0 [t Min=-0.021602913737297058, -0.0069804806262254715, 0.007646327838

x (0.0 ¥ [0.001 z 0.0

Rotation

N volume mesh ’ -
27




Sample of use of the modelling chain

@Lﬁ””‘” with a realistic test case

e Aim of the radiation manager: fully
set-up the Geant-4 simulation
- Set the geometry
— Set the material attribution
— Set the particle sources
— Set the simulation parameters

e Generation of a G4 .mac script and
of the various geometrical supports
for scorings and data exchanges

e Possibility to create a G4 .mac file
from the UI or import an external
one

e Integrated as a new OSGi bundle
into SPIS-IC IME
— Fully integrated approach
— Handling of all needed data

conversion

© Artenum 2013

{ SPIS-Services IC Application }

GDML Definition

CAD Material
Editor Editor

iations

Radiations Analysis

Radiation Tool R
Manager
3D

Groups Edition
Pre-processing
Data Fields
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RTENUM. Paris

Science & Groupware

Sample of use of the modelling chain

with a realistic test case

Radiation manager: fully WYSIWYG GUI to define settings of G4 based

simulation

e Access to EDGE to create/edit/visualize the geometry and the

materials

Artenum EDGE [ExtendeD Gdml Editor] < o X

File Views Tools

/A Geometry Fj Materials

x = [u]

File Wiews Tools Help Internal Charging Collaboration Dewveloper

SPIS Services: fhome/fartenum/Bureau/G4UW2017/TestRasberryPi/completeRaspberryPi6.spis5

+HJUEA

5 #l Gras Manager
E &

- =

Event configuration

Lo e e

~ll/build-gras-03-03/bin/gras Browse

- o

) LIS
Shape oA |
| v £ Box -
| » ™ condensator
| » ™ cthernetPort
| » ® motherBroad
|
|
\

I»

» B outStream
» ® serialPortl
» ™ serjalPort2

| » ® USB_Port

ceseecoee’
0 EEREEREEROY

L —

0|«

8] Properties =

‘Type Tesselated Solid

I»

Name CPU

Units configuration
Length |m v Angle rac

Position

x 0.0 ¥ [0.001] z (0.0

Rotation
X 00 Y 00| Z 00 [ra

| cancel A -Iy v

,‘ - ’

Total events number 200000000

Frequency outputs

Source manager
r

800000000

ments-Netgen.gdml [ Browse

|Source [geometricalSource=SphereSourceShape [radius=0.07m

Fodel_inMilliMeter.msh

/geoModel grasResult.msh

Browse

SN

L+ LX)

l (¥) Launch simulation Jl (&) Stop simulation J

0%

l <] Previous Jl [ next J

© Artenum 2013
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@L Sample of use of the modelling chain
phamsetiessd \\/ith a realistic test case

e Possibility to define one or several sources
e Possibility to visualize sources
o Source Shape Artenum EDGE [ExtendeD Gdml Editor] - o

- Surface sphere RS | PR, -

|
0,
a

0000000080
RERRERREEORY

Shape
™ source

v  Box
™ othernetPort
 motherBroad
™ outStream
™ serialPortl
™ serialPort2

 USB_Port

™ Condensator

&
<"

l N
(] Properties

Type Tesselated Solid

Name CPU

Units configuration

(Length |m |v| Angle |rad

Position
.

X 0.0 ¥ 0.001 Z 0.0 Ll:

Rotation
.

X 00/ Y 00 Z 0.0 (rad

| Cancel || Apply |

< mp— >
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Sample of use of the modelling chain

panxened \\Vith a realistic test case

e Angular distribution
— Isotropic
— Inside sphere
e Energy spectrum
— electron
— energetic
distribution function
to model MEO worst
case during 1 hour
flux

Energy @ Weight

[MeW] (-]

1 0.28 1.64E7

2 0.4 9170000.0
3 0.56 7410000,0
1 0.8 =900000,0
5 1.12 3730000,0
G 1.6 11290000,0
7 2.4 330000.0
8 3.2 329000.0

© Artenum 2013

Geometry Support

Shape | Surface sphere ||

Geometry Parameters:

Centre position: x = -0.5 vy = 0.0

Radius = 0.07 | metre v

Angular distribution

Distribution type | Isotropic YJ

Angular Distribution Parameters:

iz= 0.5 | centimetre -

Bmin = 0.0 | Degree v| i Bma = 90,0 | Degree -
Pmin = 0.0 | Degree vl Pmax = | 360.0 | Degree v
Energy spectrum
Particle: |electron - Particule count V5 energy
_ ]
Distribution: | Distribution Function || 1 BET e
Energetic Distribution Spectrum Parameters: |\
EnErgEt“: dIStrlbUtIDn fUnCUUn Edlt | lE:,-" J | — . ._ ...............................................................................................
?.E'EE [ L e [ B N B e et
5 ]
o T S S
|
25E6 [ S WU R N JE R S
i m
OEO ! : : : : = —
OEO SE-1 1EQ 1.5E0 2EOD 2.5E0 3EO
m Particule count WS energy
DG |




Sample of use of the modelling chain

panxened \\Vith a realistic test case

Use the WYSIWYG radiation manager to define settings of gras simulation

e Generate the G4 .mac file used to launch the GRAS simulation

- 0O SPIS Services: fhome/artenum/Bureau/G4UW2017/TestRasberryPi/completeRaspberryPi6.spis5

e Edit it (optional)

e Launch the GRAS
simulation

e Access to the
GRAS log through
the log console
application

© Artenum 2013

1

File Wiews Tools Help Internal Charging Collaboration Developer

HUEA

gl d Gras Manager
2

HrOer e

'.
o

- o

Gras configuration

LY e Lo

~ Ewvent configuration

Total events number | 200000000

GRAS application path iras/Gras-Instlall/build-gras-03-03/bin/gras Browse

Geometry configuration

GDML input file y_modified2_SeveralElements-Netgen.gdml | Browse | | DG |

5PI15/Gras exchange mesh

Frequency outputs 200000000

_ Source manager

Source [geometricalSource=5SphereSourceShape [radius=0.07m

Input mesh file | h/GeometricalSystem/gecModel_inMilliMeter.msh

Output mesh file shiGeometricalSyste|gylfs[l] 8T N [ E RN Browse

Scoring configuration

X e b W

b

(] Charge Unit: C o v,
[f] Deposited dose  Unit: Gy
|| Deposited energy Unit: MeV .
L+ L)X
-
(] simulation control - = -

| (¥) Launch simulation Il (®) stop simulation |

0%

| €] Previous Il [ next |

32



e The GRAS results are loaded in the
group editor of SPIS able to define
the internal and boundary condition

e Users have to attribute the SPIS
material to consider in the internal
charging analysis

e Users have to set the global

parameters as usual in SPIS
simulation

© Artenum 2013

@L Sample of use of the modelling chain
Rawetisaed \\Vith a realistic test case

GDML Definition

{ SPIS-Services IC Application }
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‘@ Sample of use of the modelling chain
Riwselieand \\Vith a realistic test case

Visualization of GRAS results in the SPIS Group editor with powerful 3D

filter
doseDep (Gy)

141,

108,

75,4

42,6

9,92

© Artenum 2013



‘@L Sample of use of the modelling chain
Riwselieand \\Vith a realistic test case

3D deposited dose results:

e Strong asymmetry along the Y-axis direction cause to epoxy mother
broad solid

e Light asymmetry along the X-axis direction cause to iron solids

doseDep (Gy)

141,
108,

~
il Sy 75,4

; 42,6

Deposited dose 9 92
3D clipping .




‘@L Sample of use of the modelling chain
Riwselieand \\Vith a realistic test case

Visualization of GRAS results in the SPIS Group editor with powerful 3D
filter

3D deposited charge

results charge (C)

e Charge are more 0,00
important in the

centre of the CPU
-95]e-12

-1,90e-11

-2,85e-11

-3,80e-11

© Artenum 2013



‘@L Sample of use of the modelling chain
Riwselieand \\Vith a realistic test case

Visualization of GRAS results in the SPIS Group editor with powerful 3D
filter

charge (C)

3D deposited charge
0,00

results
e Charge are more
important in the
centre of the CPU -9,#-:2

Deposited charge \
3D clipping

-3,80e-11
© Artenum 2013



@L Sample of use of the modelling chain
Rawetisaed \\Vith a realistic test case

e Thanks to the modeling chain, it is easy to edit the geometry to add
an aluminum shielding and compare the final results

Xt Artenum EDGE [ExtendeD Gdml Editor]

File Views Tools

L\ - # Geometry

N T - N T
Y o %

Shape TN

v  Box

» ™ Condensator
» ™ cthernetPort
» ™ motherBroad
» ™ outStream
» ™ serialPortl
» ™ serialPort2

» # USB_Port
v ™ shielding
£} Add a new shape
£} Add a new shape

CleoeeC (o0
EFEERERRRRD

© Artenum 2013 38



‘@L Sample of use of the modelling chain
Riwselieand \\Vith a realistic test case

e Results comparison during one hour
Without shielding With shielding

doseDep (Gy)

141,

doseDep (Gy)

141,
108, 108,
75,4 75,4
42,6 426

9,92

9,92

charge (C)
0,00

charge (C)'
0,00

-9,6 f?- 12

-1,90e-11
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‘@L Sample of use of the modelling chain
pwsotaeand \\/ith a realistic test case

Thanks to the modeling chain, users can consider several test cases:

e Test case 1: Internal charging analysis where the CPU is considered
as a conductor
— Expected results: no charge because conductive material

e Test case 2: Internal charging analysis where the CPU is considered
as the dielectric glass protection
— Expected results: The glass will be charged

© Artenum 2013 40



RTENUM. Paris

Science & Groupware

Sample of use of the modelling chain
with a realistic test case

-,

& Ty g
[] Maximum potential on node 0 - = /| (] Total charge on node O i
Maximum potential on node 0 Total charge on node 0
4 5455E-9
F5353E 2
| o 1.8182E-S
= 1.331E-9 = 9.0909E-10
= QED | = DED
— _1.331E-9- — -9.0909E-10
-1.8182E-9
-3.9938-9° 4535569
OEQ 1.1E3 2.3E3 3.4E3 OEQ J7./EZ2 15E3 2.3EZ 3.1E3 3.8E
[null] [null]
— Potential sensor for IC10 — Total Charge sensor for IC1
(] Maximum electric field on node 0 N =il #@ Total energy on node O il =

Maximum electric field on
node 0

1.8182E-9-
9.0905E-10 -
OED -
-9.0905E-10 -
-1.8182E-9

[null]

7 7E2 1.5E3 2.3E3 3.1E3
[null]

— Electric field sensor for IC4

Total energy on node 0

£8350ETHY
4'3783E-10-
= T3485E4E
£ -1. 45946278
7 9188E-10-
2:8597E118!
7.25971E-10-

OE0 8.2E2 1.6E3 2.5E3 3.3E3
[null]

Total Energy sensor for IC2|

Conductor material

© Artenum 2013
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pbamsotaeand \\/ith a realistic test case

F T

(] Maximum potential on node 0 - ™

Maximum potential on node 0

OEQ
-1.8557EL -
-3.7114E1 1|,

[WVolt]
(0
Pd
Ped = e
= L0 s D b
MMM
FIRIPI P = ==
—I—'_'_'_'_

1'8557E3 - k\

-2.0413E2 7, . . . . . . .
OEC S.4E2 1.1E3 1.6E3 2.2E3 2.7E3 3.2E3 3.8E:=

[=]

— Potential sensor for ICA

.
(] Maximum electric field on node 0 - =™

Maximum electric field on node 0

4.0432E5;
3.6756ES-
3.308E5-
2.9403E5 -
2.5729E5-
2.2054E5-
1.8378E5
1.4702E5
1.1027E5S
J.3512E4-
3.6756E4 -

QEOQ -, . . . . .
OEOD 7. 7E2 1.5E3 2.3E3 3.1E3 38E

[=]

— Electric field sensor for ICT

[m-1.%1]

# Total charge on node 0

Total charge on node 0

-1.0951E-9 1
-2, 1901E-5 1
-3.2852E-91
-4, 3803E-9
-5.4753E-9 1
-5.5704E-9 |
-7 6655E-9
-8.7605E-9 1
-9.8556E-59 1

[Coulomb]

-,

- = =

OED

8 5E2

[s]

1.7E3 2.5E3 3.4E3

| Total Charge sensor for ICE|

)
4
o
—

1.1317E-5"
1.0288E-6 -
9.2596E-7 1
8.2307E-7 1
7.2015E-7 1

6. 173E-7 1

5.1442E-7 |||
41154E-7 {|
3.0865E-7 -

2.0577E-71

1.0288E-7 -

f ('] Total energy on node O
Total energy on node 0

-

- = =

7E2

1.4E3 2.1E3 2.8E3 3.5E3

[=]

— Total Energy sensor for ICS

Dielectric glass material
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Sample of use of the modelling chain

l@ﬁ“”””"’“ﬁ's Wwith a realistic test case

Science & Groupware

Dielectric glass material: CPU potential (Volt)
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l@f‘”””"’““ Conclusion

e A new modeling chain able to configure radiation and internal
charging simulations in one application through 3D dedicated tools
— Create GDML CAD geometry
— Load and edit an existing GDML CAD geometries
— Create GDML materials
— Attribute a material to a specific shape
— Create and visualize a radiation source
— 3D post-processing operations on GRAS 3D results (cutting plane,

clipping, ...)

e This modeling chain does not reduce the CPU time to launch G4
radiation or internal charging simulation but save “human” engineer
time through a WYSIWYG tool

e This modeling chain is available in the SPIS-services context
provides by Artenum and ONERA companies
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Questions?

ruard@artenum.com

Thanks for your attention
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