'CNES involvement in simulation
‘ Ter@tec 2008

CNES Missions

Om}nércial and industrial organisation. It is respo nsible
for shaping and implementing France’s Space policy to
erve Europe.
- YCNES is the French Space Agency in charge of Space
' programmes. Its technical centres in Toulouse, Evry - and

‘lFrench Guiana cover all aspects of Space ‘Technology
* and Techniques -
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CNES Missions

v by serving as a meeting-place between scientific an  d
“technical laboratories on the one hand and manufact  urers

. and service providers on the other

v by stimulating research and progress in science,

i technology -and -industry for. the benefit of public a nd
private Space activities '
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CNES missions

eads a multinational programme as a complement to
Iropean programmes

\ES follows the guidelines laid down by the French

“orts to provide support for contracting authoritie S
i ES contributés-.to changes in European institutions

I onstructs European Space capability
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CNES Missions

undertakes bilateral or multilateral cooperati on with
European countries, either dlrectly or Jomtly (direct
2ral cooperatlon or cooperation via ESA)

[
the major Space natlons ‘United States, Ru53|a , Japan,
: , China etc. : : :

the world:
, among
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CNES Missions

Ministry of Higher Education and
Research Defence Ministry
DGA (French arms

procurement agency)

. National
institutions

" Scientific

laboratories - ) Other Space
i R users
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|mprove costs and delays (for instance by the reduction of the
nber of tests)

A 'i‘mprove the reliability and the performances of operational sjiStems

bl
0 capltallze conceptlon and expertlse know-how
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thematical and digital models of phenomena and to
1plement them to understand and anticipate these phenomena.

assist the conception of-systems components and equipments.
‘o produce data (images, telemetry, ...) of space systems test and
_uallflcatlon on-board. equ1pments on-board processors and data
rocessmg ground faC|I|t|es

10 COI’ltI’IbUte to.systems operators training.

Présentation & TERATEC 2008 — 3 Juin 2008




To integrate progressively these tools in a global simulation projecf
(MINOS)

~ Objective : To predict tests outcomes and reduce their numbers
Examples of past achievements :
- 1) 7 tests for Ariane 5 boosters. -

- Only 2 tests for P80 (more advanced solid
propulsion booster)

2) Deletion of one stage test for Arial
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||| 0i |mprove the efﬂmency of missions studies and conception, mcludmg
ystems instruments, equipments and ground segments ;

To develop knowledge in each expertise domain (for example :

electromagnetlcs structure mechanics, thermal engineering,
tra]ectorles 5518

F.S_ace Research
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: Global Space Transportation Simulation

|

i ;System engineering simulators
| Antennae._/. satellites interactions models

]  Gaia: Ast'r_onomy data processing
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MINOS program:
global space transportation simulation

é cnes

CENTRE NATIONAL D'ETUDES SPATIALES

T - x - . - - T ”.“\
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Ccnes

v s o v

Modelling,

validation
Launcher, material,
database ...
Solid propulsion
Liquid propulsion
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Ccnes

v s o v

- e
edicated tools £
CALCUL ECOULEMENT INTERNE
PROPULSEUR SOLIDE (Z9A)

sis' (predevelopment) till
(development, production phase)
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!  to databa: results, material, thermodynamics,
' manufacturlng) and to capitalize know-how
= To give aid to decision, using graphical comprehensive presentation

analysis is under progress due to diversity of loops and

- = Analysis of the market, by privileging open source solution
» Adaptation of existing solution to specifics Minos needs
. = Participation to “pole of competitiveness” System@tic
. = Building of-a:comman project with ONERA

" Present evaluation concerns S/

— Parallel Calculator at CST :12 IBM Power 4 processors, 28 Gb RAM.
— Local PC cluster for pre and post treatment : 4 Xeon processors 16 Gb
= Evolution 2008 :
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| agrangian and Eulerian solver
structured grids
mon development with ONERA and DGA Flammes|
oduction of models developed within R&T
ivities
artners: Onera, SNPE, Bertin

= v, Aerothermodynamics: Pre- X
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Ccnes

SCHEMA FONCTIONNEL CYCLE MOTEUR

CARMEN et TRANSITOIRES

(turbopump, valve, thrust chamber,
‘mechanical, ... ‘

Températues des ergos: OT-0L (TPE_127),0XT-03
(TPE_128) FuT-02 (TPE_227) f FuT-04 (TPE._28)

sercaynams forze

it oM




- Operational Ground Control segment procedures validation
during system tests

- Command Control Operators training
- Expertise for flight events analysis
Architecture PRESTO

Modéle

=l =2
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bw methods (MoM) associated with the use of high performance
iomputer have led to solve these problems with a good IeveI of accuracy

Jse of Cerfacs Electromagnetlc Solver Codes

‘ (Size of the matrilx system) b o N (frequency)?

N ~ (satellite surface)
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min
Mémoire=940 Mo

Diagrammedesoupssen Phi(degres)
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seometrie du satellite MICROSCOPE

sur le satellite par-le rayonnemen
antennes S B
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: f:ur‘acy (7 to 300 u arc /'s for -
'tron speed accuracy, speed
! -of 2 to “10 Kml/s, spectral

), data proc_essing.will request 6
2017, all. measures™ will be

ssed : need of 30. Teraflops
a octets of Data will be required.
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l drrements for each apphcatron hundreds of G Flops and Tera octets
! nsistent with existing' means .
‘Cluster IBM AIX/Power (5 units) (48 processors, 224 G Octets, 364 Flops)
Il 82 clusters Llnus/X 86 =64 (49 units.in Toulouse, 4 units in Evry)
‘ processors 716 G octets, 928 G Flops)

' * Use of CERF.ACS expertise to optimize and parallelize codes
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Requirement for enhanced simulation and data processing tools
~ « Tens of Teraflops
- = Several Peta octets

= CNES is interested by Teratec initiative in this context and would like to
o follow with attention its promising development
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