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50 years of numerical simulation

1996: start civil
1970-80: design studies, engineering
on type of FE, linear, studies
specific limit conditions

2002: start
containment
building leakage
studies

A
i

1980: 3D non
linear breaking
1960-70: First dam simulation: vessel
linear FE simulation damage surface
(EDF apps then detection
ASIA Now: Civil engineering

Steel thermal fatigue

Damage, lifetime

Earthquake resistance
Coupled Thermal — hydraulic —
mechanical

Pylon Optimization
(OPSTAR)

1960 1970 1980 1990 2000 2010 2020
1989: birth of 2001: code_aster

2006: Birth of salome_meca
code aster goes open source
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From fundamental research to industrial applications

Diesels engines VERCORS mock up and its digital twin

VMIS_SG (MPa)
- 170

Fuel Assemblies

Underground galeries
= "
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Presentation of the salome_meca platform
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Presentation of the salome_meca platform

code aster
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An open-source and free platform

Commercial code Open code
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AsterStudy: Strong interaction between the mesh and the analysis

Salome-Meca 2017.0 - [Study1] - @ x

File Edit View Operations Commands Tools Window Help SALDME B8
D@ E X Oastesuey v/l @ & o U P @ <P ¥ . O M L oxon &~ X o8 @@ 4 A ki

B. .  E | @ Meshv | B Model Definition|v | @ Material|v | @ Functions and Lists|v | @.BC and Load|v | [. Pre Analysis v | @. Analysis|v | @. Post Processing|v | . Fracture and Fatigue|v | @ Output v

I I

Data Settings | Data Files D o RPRE L LB R LAHIFPFIVOODDODO > CSO > @ » [ editcommand
- il case_1
- Stage_1 \ssign a material > Material assignement > [0] > Group of element
B Mesh
U mesh  Readamesh Name |fieldmat G o Q
i Material

fieldmat Assign a material Q B f
mesh (LIRE_MAILLAGE) v
Name Size 3

BKI_V20PIS 202

BKI_V7PIS 210

BKI_VOILE 8109

BKP_BY26P85 151

BKP_BY3PS 1334

¥ BKP_COQUE 12634

BKP_DALLE 2413
Information EKR-FRBIS 135 l

BKP_FDTUB 45

fieldmat = AFFE_-MATERIAU() BKP_KN1D1 6

BKP_KN1D10 2

BKP_KN1D11 13

BKP_KN1D12 31

) BKP_KN1D2 185

BKP_KN1D4 42
RKP KN1D7 400 *

Manual selection

@ Cancel Abort ok

History View

Meca 2017.0 - [Study1] B
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Evolution under quality assurance

a Production of :
a Source code (1 600 000 lines)
s Documentation (23 000 pages, 2300 documents)
Reference
User
Validation
a Verification (tests) (3 600)

fFrench and UK Nuclear
a Version management Regulatory Authorities
a History of all version is recorded
a Possibility to get back to any version

s Any new development must work on all verification tests I I N LA
Z | 1N

a 40 versions per year
& Major version of code_aster and salome_meca every 2 years
& Minor version of salome_meca every year
& Minor version of code_aster every 6 months

a Development version of code_aster every week
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Presentation of the salome _meca platform
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Example: Rotating machine customized app

= What is a customized app?
o Coupling different codes
o Automatizing process for specific application

SALOME 6.6.0 - [etude_CP2] = 1=

o A dedicated user interface
Fichier Edition Affichage Visualisation Représentation Outils Fenétre Ajde SALOIME S

. D W@ X © & [ePostPro B R o - I = S ST IO I Rl T N I P BT S - R - I
O Other SerV|CeS Arbre d'étude LI Scéne VTK:1 - visualiseur:1 ‘ Scéne OCC :1 - visualiseur:1
s harmonique | | @ S P B A A B AV FOO00BSBOOcboBew L (ae

v @ LIGNE_ARBRE
@ v @ LIGNE_ARBRE
® @ Paliers
@ Masse_Disque
v a Ailette
= & Post-Pro
Presentations
~ @ modal.rmed
= MAIL
» Families
» Groups
= Fields

A customized app is transforming a generic modelling
and simulation platform into a specialized tool for specific
needs.
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Simple example: Notch insertion tool

Insertion of a flaw (notch) with
specific groups and several
parameters and locations to

\Study
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Simple example: Notch insertion tool

Without app:

-Very time consuming
(hours)

-Human error likely
-Not adaptable
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Simple example: Notch insertion tool

With app (python
based):

-Instant (seconds)
-Limited human error
-Repeatable and
adaptable
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Simple example: Notch insertion tool

PARAVIS

Notch
Insertion
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Graphite programme

I,-'!!E:t".'—'“ef.}“" An Advanced Gas-cooled Reactor (AGR)

Steam
generator

Carbon
dioxide

Fuel
elements

Graphite moderator

e
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Functions of the graphite bricks

1 Moderator

 Structural

d Channel for fuel and control rods
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Graphite programme

Local distortion of the core due to crack opening

CBNA 3x3x3

- Fuel Brick
- Interstitial Brick
- Filler Brick
- Interstitial Filler Key
- Loose Bearing Key
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Graphite programme NOT REPRESENTATIVE OF ACTUAL REACTOR BEHAVIOUR

> |

¢A

code_aster

Bottom of brick

This is one of 370 hairline cracks
found in Hunterston B's reactor 3.

Source: BBC 2019

Time

Time=t_crack

- Crack appears

- Is it likely to
propagate or arrest?
In which conditions

Brittle materials
Elastic computation

Internal stresses generated

from ageing

¢A

code_aster

- Reinsertion of the
material configuration
of the cracks

- Continue the ageing
analysis

|
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Time=t_crack2
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Graphite programme

]
- X4

2 S
hite ‘ *o
1

Grap
App.

» -
e

€DF

ENERGY



Graphite programme NOT REPRESENTATIVE OF ACTUAL REACTOR BEHAVIOUR

Whole core models: Enhanced visualisation
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Graphite programme NOT REPRESENTATIVE OF ACTUAL REACTOR BEHAVIOUR

Whole core models: comparison of results coming from 10
different types of models and expriments
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Graphite programme
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IBEEM App?
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Useful information

code aster and salome_meca website:

Next user day:
18t October 2019 (EDF R&D, Saclay)

Join the ProNet network (23 countries, 70+ partners):



http://www.code-aster.org/
mailto:contact@code-aster-pronet.org

Thank You
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