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Motivation
Where do we come from? & Why using data management for crash simulation?

Collaboration

Teamwork in a heterogeneous environment with hundreds of engineers on the
same projects.

Data structures
How to organize data for effective collaboration?

System integration
CAE-Tools, HPC, Archiving of simulation results

Summary & outlook
CAVIT (SCALE.result), ...
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' ' AvavAvAVAY
Motivation S NAFEMS
rising dimensions of complexity OO0

. =7
apte. > Requirements SCALF_"/ |
’ > Legislation by 22 S
> Consumer tests i
> Customer requirements .~ ;
(convenience) e ! o
. ap. L’ H .-3 L P
Sustainability : = .

> Collaboration
> Project lead engineers

> Methodology responsibles m i
> External engineers . > Projects and derivates
> Simulation disciplines @ Z | > Body variants
> Tier one suppliers (= - . > Types of vehicles
> Joint ventures — | (BEV, HEV, PHEV, ICE, ...)

| ==AT ' > Interieur configurations
> [ :

GIUGIARD H

_______________________________________________________ "> Different markets
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. . AVAVAVAVAY
Motivation 5%’:"53" NAFEMS

increasing complexity of simulation models

Increasing level of detail for models
> More elements

> More components ]
(sub models) 2017 Audi D5

> More details
Elementkantenldange: @ 5 mm
Interdisciplinary content Elementanzahl: 6.000.000
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. . AVAVAVAVAV
Motivation S NAFEMS
usage of LoCo within VW-Group OO0

> ~1100 users during last 365 days

Simulation solver files created per month
(floating average of last 365 days)

35000
> Datasince 02-2011
> ~7.8 million assembled simulations 30000
> ~2.8 million component versions
> ~800 thousand pool versions 25000
> ~60TB of simulation input data
20000

> Simulation Disciplines 23 different disciplines) 15000
> Structural crash (PAMCRASH, 15-DYNA) \4

> Occupant safety (PAMCRASH, LS-DYNA) 10000

> Interieur head impact (PAMCRASH)

> Pedestrian safety pAamMcrASH) 2o

> Seat systems (PAMCRASH)

0

> NVH (PAMCRASH Implicit, NASTRAN, Abaqus) S 9 S 5 3 3 N N N N N
o o o o o o o o o o o
(q\| (q\] (q\] AN (q\] (q\] (Q\| (q\] (q\] (Q\| (q\|

> Multi Body Dynamics 40AMS)
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Motivation

collaboration with other brands and external partners
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> CAE is indispensable in vehicle development

> Engineers need to collaborate
across many sites

> Several brands throughout the VW Group

sharing CAE models and methods

v

Material libraries

v

Barriers, impactors, dummy models

v

Standardized solver control cards

v

Scripts, tools and process chains

> Engineering service suppliers
and partners are integrated

> Some partners work with VDI clients ¢emote desktop) -

> Some partners synchronize the CAE data

> i i -
Some strategic partners use their own servers to —

synchronize data for larger teams

9—_

VW Osnabriick g |

Volkswagen

VW Mexico
[ |
\
VW Brasil
[ |

=
%@gl — .\ \ EBANSE
PORSCHE [ |

K IR =21

VOLKSWAGEN ANHUI

— |
—n (D) Q
SEAT ITALDESIGN éa
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. AVAVAVAVAY
Collaboration S NAFEMS
teamwork with many engineers OO0

Browser & X

> Traceability by version control poolversion: 635 @y
<

@ 643 -*-‘ Niederhalter v7e
> Each change automatically documented oo Eer
s _ﬁ-: Niederhalter V7c 4
) CompletEly traceable hlStory @ B4 __ﬁ_ Niederhalter 1 Variante 7c auf CAD 2015-11-24 <
) Ve rSIOnS are Unlque @ 640 — _?+ Kabelstrang bei Defo FS rechts hinter Defo verlegt 4
(can be used for identification and communication) ) © 0 THEE Attibutes changed:el verstelbare S5V fuerUSau <
Successors of -
version 635 o © 638 _‘L""" Fanghand entfernt
> Data synchronized between CAE engineers (connected by rails) © 67 & folgende Konfiguration <
> Each change is instantly available for everyone | @6 “pe folgende konfiguration; <
: : T Current version 635 }\a P4 Niederhalter 2 Variante HSK-Halter zu Schraubpunkt ..
> No handling of files in file system _ O 65 P NidemalteraarsnisHSICHalterai SchisuSpunks <

(no manual up- and download of data) @ 638~ (Niederhalter V7b CAD 2015-11-12
@ 633 g Niederhalter auf CAD-Stand Variante 7a 2015-11-12
) LiVE MOde }/ @ 632 _“ Korrektur: <
. . . version 635 © 631 .- Umstellung Basis auf MRC
> Collaboration across the world in real time : I
. . . . (ConneCted by I’CII[) @ 630 Miederhalter aus ideal elastischem Alu
> Simultaneous working on different components in Pabse

@ 629 “  alter Defostand 4

one model

© 628 Test Defo-FS rechts ohne Rippe im Zwischenstueck

> Each change is instantly propagated to the team

> Automatic locking of files being worked on

Kabelstrang fuer Frontschutz angepasst <

X
&
I @ 627 ”‘? Korrektur Schweissung Halter Ablage_FS unten links

© 626 c
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Collaboration

teamwork with many engineers

>

> Traceability by version control ;

> Each change automatically documented

> Completely traceable history

Overview for many versions

Visualization of reference or
status versions

Advanced filtering and search

> Versions are unique

(can be used for identification and communication)

> Data synchronized between CAE engineers

> Each change is instantly available for everyone

> No handling of files in file system

(no manual up- and download of data)

> Live Mode

> Collaboration across the world in real time

> Simultaneous working on different components in

one model

> Each change is instantly propagated to the team

> Automatic locking of files being worked on

. ]
Merged versions P s

|

Detailed history graph }\ ’m'\ :

,uo
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. o’ P | -
7 g ' f
gcn “
SEI—
” /[\‘
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Overview for

big graphs

NAFEMS

43
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Data structures A

~ B Datenbanken . AVAVA VAVAV
project structure with shared data /‘ Barriers OO0 NAFEMS

«~ P Barrieren

» B Barrieren-Front

> Data shared across multiple brands » 8 B earrieren-Heck.
> Organizedin library pools > © [ 1l Barrieren-seite
. B Formeln
> Can be mounted by any project -~ Reibweﬁeﬂam%m
+ P Basisdummies CAE users
» B Basisdummies E2 engineers

> Standardization
> B B Basisdummies 52

> Assures comparability =] R Baﬂ5dun‘mie5/‘uﬁ‘m

between projects v B Material

= Material
> Reduces errors I @

<e°
proc®”
> Democratization / knowledge transfer v P Tools m -~
CAE users
> Experts prepare models and methods E. AUDL_RESULT_DIR / engineers
CAE experts > 2 B Apps (49 - Audi)

> Every CAE engineer can access and specialists » © B8] Check-Configurations (78 - AUDI_Pamcrash)
use the prOV|ded libraries m }/> 2 B3 I8 component-Checks (8 - AUDI_Pamcrash)
v B B Tools_Referenzen (141 - COCKPIT)

m }7 > B B3 8 Clusterskripte (1008 - Clusterskripte_AUDI)
m > B ESI_Check (72 - ESI_Check)

i > B GECO_Direktiven (59 - Postprocessing_INTERIEUR)
Postprocessing }— & F g
> B GECO_Skripte (137 - Default)

> B ¥ Modulstrategie (116 - Modulstrategie_2016)
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Data structures

AVAVAVAVAV

AVA VAVAVAV
SR NAFEMS
AVAVAVA VAV FE

automatic creation of many load cases from many components AVAVAVAVAV

Component pool

Component parameters

1.0mm

1.4mm

nm

>> Assembly of multiple load cases and derivates

Limousine US-NCAP Side US-NCAP Front

Avant

)) Setup of optimizations and DOEs
m Parameters and optimization goals are defined

m Assembly of vast amounts of simulations

==e == == == =N=o
== E=o == =g ==
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System integration

tools and scripts

CAE - Preprocessing tools

> Opendirectly on local workstation

(no cumbersome up- and download of files)

> Data automatically synchronized

> Use native applications on desktop
> Python scripting API

> Apps managed by key users

Solver disciplines

> Flexible setup and Configuration

(completely manageable by advanced users)

> User scripts for
pre- and post-processing

> Python templates
for assembly

from system

© 635 Niederhalter 2 Variante HSK- ™ AUSTA_GUI version 3)
Halter zu Schraubpunkt ITA
rechts neben Display HyperMesh_App (version 1)
hinzugefugt (aus Cockpit 619) [ Export... ad
- Niederhalter 1 Variante 6 (US) l
- Niederhalter 2 Variante 3 (US) [] Export with metadata... ansa = B e @0 O PR
@634~y Niederhaher V7b CAD 20151112 Add attachment... find_in_files (version 1) <
Tags » gen_SAMPLING (version 7) es @
@ 633 "_ Niederhalter auf CAD-Stand Var... = LMsUTUImeTientares Markers . avim asisvariante mit folgenden Aenderungen =
= Instrumententafel vim (version 10) nensteuerung US fuer Fangband (inklusive
9 @ 632 Mied Korrektur: <M Set public Fle E be)
= Instrumententafel guimdiff
Groups (Fahrzeug/Interieur/Cockpit) _ ponent eratursteuerung fuer ITA-Traeger wieder e .
! = Instrumententafel import_user_and_component_metatdata (version 2) .
b Datenbank —
B Datenbanken = Instrumententafel inpchk = © +
~ B4 Fahrzeug = )ets 11
= Instrumententafel Jedit (8%)
> B9 Exterieur ks o)
= Instrumententafel vep
~ B Interieur l us - @
- 414 SMP Massnahme...
> B Ausstattung = Instrumententafel Show history F& @ \ Association Row 1 (10)
~ P9 Cockpit Filter for related pool versions e © 412 [Tafel m Aufschla... CockpitIdentifier KOMP
B Head_Impact_Point_List - @ 410 Sollbruchstellenii...
= Instrumententafel Show changes © 409 geschwaechte ., CockpitLastfallbezeichner MQT_S01
a Show column configuration © w8 R N Derivat 6
_ ippe geschwaec...
0 pe ] d | rectly sfprmation = Instrumententafel Plugins N Ppeg Diszipiin COCKPIT
Mlti_List © 406  neue ~
- = Instrul fel & Reload Basisvariante FileType inc
| - : AU 2 6 mit folgenden Generation 2
. Aenderungen
Kabelstrang AU 2 - Lenkerseite I8 h
Runs (pool version: 635) A . Regionensteuer Properties  Console

File
Databa:

Name

Tools Utilities  Lists
se

= Analysis Parameters

A_PARAMETER 50

« & FE Structure

NODE 334517
¥ [ FRAME 83
¥ B ELEMENT 335705
7/ | @ CONSTRAINTS 510
i) @ NODAL ENT 3
i PROPERTY 897
& MATERIAL 45
= FE Auxiliaries
GROUP 68
INCLUDE 3
@ FUNCTIONS 106
@ PLOT OUTPUT 35
PLY 5
RUPMO 2
= ANSA Auxiliaries
ANSAPART 876
ASSIGN_VAL TO_FIELD 229
PYVAR 19
WPLANE 3
EDGE
SOLIDFACET

O AUA42 (635

O

|| /O VUVgB53U7. B8,
Code generation cof |

folgende Konfiguration:

folgende Konfiguration:

ENT] P1D (30"
~ilR 4

I/EI-322 Collaborating with CAE-processes and -data across several brands of the VW-group

ANSA v23.1.4 (/tmp/tmpffa_8gyn/loco_master_file.ansa)

Assembly Analysis Tools Plugins Windows Help

X ENEE

B

i@ ®

BABEE> Q>

senma-+
HEIOITHT

@ >

Edit with...

=1l O I B &>

10. - 12. Juni 2024, Bamberg, Germany
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- e ox AVAVA VAVAV N A FE h A S
5 ov] AVAVAVAVAV
OO%=> H#E> [FE-FHL-> AVAVAVAVAV

[EIEHCE

BB oo
e

THICKNE
FRAMES
ATTACH | FREE |
NODAL ENT [
_ MASS
ELEMENT ENT»

AUXILIARIES »
FRICTION JFUNCTIO |_f
Options List

PAM-CRASH

.| UTIL

_J DELETE |

[_INFO_
BEAM | BAR | SPR
KOIN | JOINT | MTOJNT |

SHELL | SOLID | SAFE
_PUNK | UTIL

CONSTRAINTS » |

J_INVEL | HTSURF |

DISLIM _| PRESBC | ACTUA |

ROX__|

Ad (version 9)

Copy
Bl Paste

Ct

C

Th+C

ANSA (version 10)

ANSA_150p (version 7)

%

ANSA opened

directly

STRUKTUR default (local copy) | &

Apps predefined
by key users
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System integration

model quality assurance through checks
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Properties il
> Errors need to be detected as early as possible!
> Checks can be implemented for: -
(implementation as scripts maintained within the system) @ solvercard____ 110_Shell 0047_6adda.
> Individual files =5
CEo e @0 O PR
> Simulation runs Ve e T
User Metadata Example for numbering ranges
Remarks (0) +
F| [es EJ Snippets (0)
Results of ¥l Checle et
> Can be executed directly after each edit datacheck e o
COMPONENT_MASS © 0.000645

> On the local desktop or through the HPC

> For a single file only or in the context of a simulation

COMPONENT_MASS_CENTER
PamCrash Datacheck YES Q...

Element_quality

@ [295.000, 95.000, 0.000]
@ NORMAL TERMINATION, EXITO MESSAGE
@ (0

(e.g. datacheck ofsing/e ﬁ/E) ~ Numbering_convention

© (2)

PART
Numbering ELEM
Simulation runs conventions « g8 Attributes
~ Association Row 1

@ allIDs are within the lower range (11000...
@ allIDs are within the upper range (11000...
(1)

> Run during job submit before solving phase starts

> Results are displayed in LoCo

> Reports of checks g ron

model check results

L TR R

(2)
FileType inc
solverVersion 2017,2020
> <= Dependencies (B)
> (@ Basic Information (13)
~ [ Attachments (2) +
Original filename o

ch

NAFEMS
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System integration "gﬁ;ﬁ;igNAFEMS
submission of simulation jobs to HPC systems OO

A B

> Job submission Progress of running Jobs 7
) D i re Ctl.y fro m d eS kto p cli e nt SImUIatlon JOb v iU5460P_DS_EU_5peW—r32_0?35?_1WS_?.WS.,.i_SR_VéO_P1—HU (2024-05-1218:51:56) 17

Solving: FEM calculation: pamcrash: Simulationszeit: 3.44ms von 140.0ms; Verbleibende Reche

> @ Confail

Postprocessing: checking job status: Confail job finished.

> Solver and queuing parameters

@ Datacheck
Stage finished

. @ Upload data to extern HPC
) Q u e ul n g SySte m Upload to external cluster is ready!

Solving

FEM calculation: pamcrash: Simulationszeit: 3.44ms von 140.0ms; Verbleibende Rechenzeit:

> Starting and killing of jobs Detailed progress of
each step in the

> @ Preparation

fetching dscal information from server: Job prepared for execution

> Multiple different HPC systems on different simulation process
locations with different queuing systems can be inspected
can be integrated

> FEM calculation

pamcrash: Simulationszeit: 3.44ms von 140.0ms; Verbleibende Rechenzeit: 39h 19min 38

Postprocessing

unknown

@ ESICheck

unknown

v AUS5460P_DS_EU_speW-r32_07357_1WS_3...SR_V60_P1-HU (2024-05-12 18:52:14) < T
) Prog ress feed ba C k Datacheck job Datacheck: Postprocessing: ISO MME Import: Error during import of ISO MME data
finished but had © Confail_
> API for creating feedback for every process some problems | e

Datacheck

Postprocessing: ISO MME Import: Error during import of ISO MME data finished

> HPC scripts can provide progress feedback
independent of server infrastructure

@ Upload data to extern HPC
Stage finished

@ Solving
Stage finished

> Progress feedback for complex simulation jobs

(helps users in case simulation jobs are running into problems) Results can be
downloaded to

local workstation

@ Download data from extern HPC

Download from external cluster is ready!

@ Download result data for AUS460P__DS_E...fi_SR_V60__P1-HU (2024-05-12 18:52:14) <
Job s finished. Automatic download of results is disabled thus, no download was performed.
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System Integration "i’%ﬁ?‘NAFEMS
IT architecture and archiving of simulation results OO

PRN ————eeeoo e (000) —————————— .

Engineering service Suppliers | et oo — i I

result archiving _ CAE-Bench
1 I'/ : SDM result backbone

CAVIT 3

AUDI HPC

I
I
I
I
I
I 1
| I | s
: 1 LoCo-Server Ingolstadt (SCALE.model) :_ (SCALE.result) User
| A ? =
I 3 =
! 2! Ei

Q ) wn
' d j—-=-=-- Q-———————=—=——-=-=----
I c | 2 I
I 1
! == . SDM

N result archiving
| < /a result backbone

= job submit
I =
' g 1 VW HPC
: User & |

1
L .
'

.y D

job submit = :
| é 1 — |
= 1 User job submit
HWW HPC & | ' e SERIIE
= |
% L J I SEAT HPC
g [ .

.
- SDM result backbone
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Summary & outlook OO
Y S NAFEMS
AVAVAVAVA Y

Summary , ‘

O Mein Dashboard - Odoo X |  CAVIT X |+ x

&« - C B ‘@ & https://demo.w3syse.scale.eu/cavit/dashboard 80% | w0 @ ﬁi Oe 9 » =

> Increasing demand for CAE

O Confidential Information M@ () =

jects and Collections X =} 5 Girid O  BReport X o>
) S D M t . l W Projects + Drag here to set row groups Quickfilter X Simulation Overview o Legend -
essentia = . I ‘ ‘
. . . m Collections + ! Crash NVH
> Collaborating with many engineers el | ——
Y Scenarios x ] % 1395.VARISFMVSSRW3.  cleanup a4 0 34019568354127045 |
B . . > O Japan ©/0) ) 139SVARISIMSMDB___  cleanup 1300 0 0 |
> E n fo rcin g Sta n d a rd 1Za tl on v B Kores @14) || 1395.YARISIHS.SOLODB..  cleanup 197.70 0 32220788950433%85 |
KOR.. ar) i) 1395.VARIS IHS.SOL 0D cleanup 23870 0 3104865779854 |
v 8 ush @33/ | 1395.VARIS IHS_SOL Pole.. cleanup 31418 0 ap43EsS05488TTSS |
.y - UsN (208 - %) 1395.VARIS_IHS.SOL Pole..  cleanup 35857 0 359105036021475 |
) U S a b I llty a n d p e rfo r m a n ce a re IHS (8/1 #|  1395_YARIS_KoreaNCAP_O cleanup 0 0 |
FMV. 7/7) i 1395_YARIS_KoreaNCAP_R. cleanup 0 0 \ Firewall Intrusion »
. > O N ©/74) 5| 1395.VARIS_USNCAP_RW_. cleanup 16284 0 BO0GSINERT || ebe
t h e m O St | m p O rta n t fa cto rS v [ PEDESTRIAN ©/0) | 1422.YARIS_USNCAP_RW._ Test with OLC Evaluation 16223 4287060311115417 a2972068817580066 |
0O china (©/0) #1422 VARIS_USNCAP_RW_. Test with OLC Evaluation 18612 47.75810291995737 4135397918752 |
[ Ewope ©/0) | 1425_VARIS_USNCAP_RW_ ANSA ohine MC wegen LOC 16223 4287060311115417 a2972268017580066 |
D Japan (0/0) J 1426_YARIS_USNCAP_RW_. Wandst\xedrke railouterwal. -156.47 43.53352062121112 43.5898089561675 |
O orea ©/0) 5 1427 YARIS_USNCAP_RW_. Schwixedchung des outerw_. 140,64 43.9179536335038 saosenTasres |
0 usA ©/0) 5| 1428 VARIS.USNCAPRW_.  KieinesLoCohinzugefirfogt  -164.48 43.2064976317091 4326360173963587 |
v [ PHYSICALTES. ) % 1429_VARIS_USNCAP_RW_. Wandstiredrkevaristionen . -165.56 4296513080409722 43055987518673554 |
O u t lo o k China ©/0) | 1430_VARIS_USNCAP_RW_ DEMO Loch im CMS 16403 42.98134429188357 429891961067235 |
Europe ©/0) || 1431_YARIS_USNCAP_RW_. WandstarkenCMSauf 16m._ 15422 44.02553369397297 44125673769329%9 |
Japan ©/0) 5| 1432 VARIS_USNCAP_RW_. Wandstareke ethoeht auf 2 7631 42.662377060464074 42.85214624769927 Enaine Accelerati
. . . Korea ©/0) | 1435 YARIS_USNCAP_RW._ Wandstaerke wiederauf 17.. 15483 43.72757261654082 43.79568965956774 ginenceelemion
> Further performance optimization ) — T
Rows: 238 of 757 Selected:2
Q =
@ Photos X | e Videos B Documents &2 Channels & Measure Data & Events o x R esT_vaRis U

= 500 NEERRRY TEST_YARIS

> Tight integration with Results
(CAVIT | SCALE.result) _ tsekmh hd-T5677 | N |

> Cloud

> Machine Learning

7 -500

mi:

-1000
-1500

-2000

> Event Detection

Acceleration-X Engine bottom

> Data Analysis

>
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Thank you!
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