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Motivation

Where do we come from? Why doing extensive requirement management and System Engineering?

Why using data management for crash simulation?

Requirements

Setup of Requirements for virtual product development

Collaboration with Simulation Data

How to organize data for effective collaboration?

Result assessment 7/ =
and monitoring

Keep all the results together with relation to the requirements

Summary & outlook
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Motivation fﬁ'ﬁ\‘) NWC25
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Motivation

rising dimensions of complexity

R Systems Engineering

Geschaftsmodell / Service
Gesamtprodukt
Eigenschaften

Risikomanagement
und Funktionen

Produkt-/Projektmanagement (incl. Reifegradmanagement und Reporting)

Gesamtprodukt
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und Funktionen
absichern/testen
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Software
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Hardware (E/E) & ;-
entwickeln
Mechanik (Konstruktion/Geometrie)
entwickeln
Daten, Informations-und Traceability-Management
Konfigurationsmanagement (Komplexitat, Varianten, Kompatibilitat)
Anderungsmanagement Problem- und Fehlermanagement
Prozessmanagement (Prozessverbesserung) ,,P*
Zulieferermanagement
(Konzern-) Systems Engineering Toolbox (Methoden, IT und Rollenmodell) ,MTO"
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Qualitdtsmanagement

Partner Integration und Kollaboration

Engineering
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Motivati I \Y
otivation ‘ ‘\%“)" chz_s

rising dimensions of complexity R Systems Engineering N ;/d

Stakeholder Requirements : @
A Legal

A Consumer Protection
A Internal

Component

» Requirements @
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Motivation
rising dimensions of complexity R Systems Engineering

Stakeholder Requirements : @
A Legal

A Consumer Protection
A Internal

8 )

= — 1
quirements @

Component

» Requirements @

A\
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@& Stakeholder Requirements :
A Legal
A Consumer Protection
A Internal

(V] Requirements <«
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Motivation

‘ )\) NWC25
rising dimensions of complexity ‘\

\g;/
) CK )
Stakeholder Requirements : @ @& Stakeholder Requirements :
A Legal Software Control Units A Legal
A Consumer Protection Cockpit A Consumer Protection
A Internal Steering Wheel A Internal
Variants :
®D® o
A Round/Flattened
A ¢g¢ r
1 2 n ,.

@& Requirements <

Component

» Requirements @

(V] Requirements <

BReguIatory -compliant data retention and proof of compliance required for several decades.
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Motivation ' f@%} NWC25
. - . - . \ —
rising dimensions of complexity R SDM System N \! g" Jj

Project -Independent 1. Collection of Master Data

Master Data Catalog

Project

2. ProductSetUB\ / 5. Product Status Monitor |

SCALE.sdm
N\

4. Analysis and Evaluation |

3. Handling of Test and ‘
Simulation Data

R L SCALE.sdm|
F4 . Cen~

BSystem network of various tools that communicate with each other to provide transparency from testable
requirements to final approval.
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Method: Continuous Requirements ‘ ' (Q%J’chz—s

A7 2

Traceability in the System Network

BMethod

A Capture of requirements along with the verification specification, so that they can be digitally processed

A During verification, test results can be automatically assigned to the requirements and evaluated.

Requirement:

Seatbelt buckle release force after test < 60N. %,0
&
Features (’/‘O
A

Type Name Value @9

Stakeholder | Regulation Protocol ECER_94 02(Final-2016 - (’/}G
Version 06) /))0

Test Criteria | Barrier ODB /)(:9
Test Criteria | Impact Angle 0¢
Test Criteria | Vehicle Speed 56 km/h  -0/+1 km/h
Component | Component Seatbelt Buckle

Target Seatbelt buckle release <60 N

Value force
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Method: Continuous Requirements
Traceability in the System Network

\ Y 4 %) Nwczs

N7
BMethod :
A Capture of requirements along with the verification specification, so that they can be digitally processed
A During verification, test results can be automatically assigned to the requirements and evaluated.
Requirement: C Test
Seatbelt buckle release force after test < 60N. %{( Features
Features (/"@4) Type Name Value
Type Name Value @9(/
Stakeholder | Regulation Protocol ECER_94 02(Final-2016 - /)‘@ Vet Gl || SEuiey QDE
Version 06) ’7)(Q Test Criteria | Impact Angle 0¢
Test Criteria | Barrier ODB /){9 Test Criteria | Vehicle Speed 56,3 km/h
Test Criteria | Impact Angle 0t < ,
Test Criteria | Vehicle Speed 56 km/h -0/+1 km/h ’l Result Seatbelt buckle release 24 N
Component | Component Seatbelt Buckle force
Target Seatbelt buckle release <60 N
Value force
Bwhat do we gain from this:
ARealmachine-alA’née AaA0CALOE 40OLO 7| GpPelWWAeu x =y Gl IDOe&dall Go | eilA] eEe

A Digital/continuous verification status overview from requirements through test data to approval.
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Relationships between amongst the requirements

Method: Continuous Requirements A\
a @ychz_s
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@AM
Product Setup (C" ' NWC25

\))
as part of the SDM System ! Q 7

SCALE.sdm

A Requirements «

»
"’y
1"
v
1l

= Milestones v
u = @ Region NP ] » # Richtlinien-Test-Protokoll-Versionen €3 » i Test case €3 Quickfilter G Y, == m
m Group & Name Description Threshold Status
Value Assessm... Referenc... Con
v v v v v| |
& > USA (385)
Normalized Data from 22 > Korea a3
Master Data System v e e
> Indien (80)
v ECERL (128)
> None (76)
v ECE-R_94_2016(Final-2016-06) 76)
> Frontal_LECE-R_094.56km/h_0..  (18)

ehicle Project Configuration

v Frontal ECE-R_094_56km/h_0D.. (18)

in SCALE.sdm 1.0.00.R.OVEHICLE_Y_DEVIATIO... = Annex3"1.3.1. Alignment... (EERPEEYT -20.00sx<20.00 +1 b

Dummy PO51 geborgen ohne Sit... = 5.2.5. After the impact, it ... x=YES m k
Dummy POS1 geborgen ohne W... 5.2.5. After the impact, it ... x=YES m k
P d t E . t Dummy POS3 geborgen ohne Sit... | 5.2.5. After the impact, it .. x=YES m k
ro uc qUIpmen Dummy POS53 geborgen chne W... 5.2.5. After the impact, it ... x=YES m k
Eine oder mehrere Tiir(en) verrie_.. 5.2.4. After the impact, th... x=NO k
Eine oder merhere Tar(en) wahre... = 5.2.3. During the testnod... x=NO x = NEIN +3 k
Elektrolyt in Innenraum 5.2.8.2. Electrolyte spillag... x=NEIN x=]JA k
Geschwindigkeit ECE-R_094 (Beh..  Annex 3 "4, Test speed” Ve.. 56.00<x<57.00 +1 b
I Gurtschlossaffnungskraft 5.2.5.2. To release the du... m +1 k
Gurtschlosséffnungskraft 5.2.5.2 . To release the du... -ca2x = 60.0 +1 k.
> 0 3

Configuration of project requirements based on project  -independent master data in combination with the product equipment

NAFEMS World Co Austria | May 19 2025 - Streamlining Complex Product Development: Integrating Systems Engineering and SDM in One Platform



14
e

Product Setup KON 25
as part of the SDM System ‘ \§ g/y ch—

from |
SCALE.project e

-----

SCALE
Requirements ﬂ ~DM @ Model

+ 9 Detauit

Technical
specifications

Design

. Test and
constraints

Simulation

Simulation

Testing
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. @AM
CAE Model handling ‘ N NWC25
-

automatic creation of many load cases from many components with relation to requirements N

Component pool > Assembly of multiple load cases and derivates

Limousine US-NCAP Side US-NCAP Front

o

Avant

o > Setup of optimizations and DOEs
'! ’! \ Yy Parameters and optimization goals are defined

Component parameters Yy Assembly of vast amounts of simulations

1.0mm ame. asEe . aEe e

sheet thickness Y Y 1.4 ] mm

L.4mm e Sso EgEe s EREo
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CAE Model handling

tools and scripts

CAERPreprocessing tools

BOpen directly on local workstation

(no cumbersome up - and download of files)

Bpata automatically synchronized
Buse native applications on desktop
BPython scripting API

BApps managed by key users

File Tools utilities Lists

Database X [qi= E\ Ed
Name Number Vi ot
= Analysis Parameters

A_PARAMETER 60

« & FE Structure

NODE 334517

v & FRAME 83 1

¥ @ ELEMENT 335705 3357¢

¥ | G CONSTRAINTS 510 56

¥ @ NODALENT 3

& 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

4 b Options List x STRUKTUR _  default (local copy) _ H
© D
srovser s (00 07 VBB ztcemr ek AD@EO-@0-0- e e
| N = — e e T SO
Poal ver  {tm o [ GEE - XOR 5 ] Ho s> [EEHCE
© 637 = folgende Konfiguration: I 1 1 E
T Editwith.. 5[ rawversons Apps predefined
S I d I @ 636 !Tk folgende Konfiguration: Copy curlC GUE TR b ke users
0 Ver ISCIp Ines B El Paste Ceri+v ANSA_150p (version 7) y y
@ 635 n‘ Niederhalter 2 Variante HSK- AUSTA GUT (version 3)
. . . Halter zu Schraubpunkt TTA AU426, L
Flexible setup and Configuration - ot
hinzugefugt (aus Cockpit 619) 51 Export... a4
- Niederhalter 1 Variante 6 (US) l
(completely manageable by advanced users) Niegerhalter 2 Variante 3(US) 6] Export with metadata.. o
© 634 " Niederhalterv7h CAD 20151112 Add attachment... find_in_files (version 1)
- i Tags > gen_SAMPLING (version 7) e? - - @
Ser Scrlpts Or © 633 & Miederhaiter auf CAD-Stand Var... = IMSITUTMETTCET e Miarkers , quim asisvariante mit folgenden Aenderungen
Instrumententafel i nensteuerung US fuer Fangband (inklusive
. - sot public E12 vim (version 10)
re- and post -processin T R < e | o
- - " 5 = gvimdiff ©
p p p g Groups (Fahrzeug/Interieur/Cockpit) _ eratursteuerung fuer [TATraeger wiedere
N = Instrumententafel ock import_user_and_component_metatdata (version 2) L.
D banke - -
» B Datenbanken = Instrumententafel inpchk k5 © +
~ B Fahrzeug - ts 11
Python templates . @
> B Exterieur ks 0}
= Instrumententafel vep
for assembl e l : o
- 414 SMP M
y > P4 Ausstattung = Instrumententafel Show history 8 © assnanme. o e e (10)
~ B Cockpit Filter for related pool versions 1 8 41z I'TT:I m:u'@”(hle_"" CockpitIdentifier KOMP
[E@ Head_Impact_Point_List Show chan * 410 Sollbruchstellenii...
= ges CockpitLastfallbezeichner MQT_s01
= Instrumententafel - p B
= @ ang hwaechte Ri...
. Show column configuration geschwaschte Derivat 6
i _ @ 408  Rippe geschwaec...
Open dlreCtly s[ormation = Instrumententafel Plugins > pred = Disziplin COCKPIT
ulti_List @ 406 neue v ] _
from SDM = Instrumententafel O Reload Basisvariante FileType inc
- AU 4 2 6 “’";ﬂ'ge’“‘e" Generation 2
- Aenderungen
= Kabelstrang AU 4 2 - Lenkerseite . h
< , Regionensteuer Properties  Console

NAFEMS World Congress 2025 | Salzburg, Austria | May 19

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

Assembly Analysis Tools Plugins  Windows Help

2> @EEE S

o

daad = KON =12

50

3 N
>

8> CHE
PAM-CRASH

NODES »
__NEW [ PASTE |

MOVE | MATCH _[EXPLODE,|
THICKNE.,| UTIL | DELETE |

FRAMES [ Fo |
ATTACH | FREE

NODAL ENT [iNFo_ |
MASS | DELETE |
ELEMENT ENT» | INFO |

[
_BEAM_ | BAR |

Pl

CONSTRAINTS » | INFO_ |
CNTAC | NODCO | RWALL |
RBODY 0, RBODY 2 [RBODY 3|
'MTOCO | OTMCO | DELETE |

4 J _ACTUA |
HFLUX | BFLUX | DFLUX |

NWC25

Meshing in
Preprocessors

directly from
SDM

|
|
J
INTEM | TEMBC | DELETE |
PLOT OUTPUT» | INFO |

|

|

FRICTION [FLINCTIO_I__ROX
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Collaboration A\ 25
teamwork with many engineers N\ gg’ Nm—

Browser o X

BILacgamlmL by version control Boolvereion 625 c BTV

I
p =

. = iederhalter V7e

BEach change automatically documented O o Nedemalery? ‘
. . © 642 _*- Miederhalter V7c <

BCompIeter traceable history "
@ 641 .#- Miederhalter 1 Variante 7c auf CAD 2015-11-24 <
B Ve rSIOnS are u nlq ue @ 640 ___'14_ Kabelstrang bei Defo FS rechts hinter Defo verlegt <

(can be used for identification and communication) Successors of

version 63 5 © 638 Attributes changed: el. verstellbare LSSV fuer US auc... <

(connected by rails) o @ 638 _‘L""‘ Fangband entfernt

Bpata synchronized between CAE engineers © & e folgende Konfuration: ¢

BEach change is instantly available for everyone © 63 - folgende Konfiguration: <

. . . . Current version 635 }\ — P iederhalter 2 Variante HSK-Halter zu Schraubpunkt ...
BNo handling of files in file system _ 28Iy Nesemamnerscitamsamtpns <

(no manual up - and download of data) © 634 g Niederhalter V7b CAD 2015-11-12
© 633 g Niederhalter auf CAD-Stand Variante 7a 2015-11-12
BLive Mode Predecessor of © 62 g rorur ¢

B ) ) ) version 635 ® 631 "_'_‘;’-;,: ~  Umstellung Basis auf MRC

Collaboration across the world in real time (connected by rail) e et s e s
B simultaneous working on different components in o TTH- skerdefosand )

3

One mOdeI © 628 ’ Test Defo-FS rechts ohne Rippe im Zwischenstueck
‘BEaCh Change |S |nStant|y propagated tO the team I @627 "? Korrektur Schweissung Halter Ablage_FS unten links
BAutomatic Iocking of files being worked on I' O s ?‘f abelstrang fuer Frontschutz angepass <.
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©2 ¢ —

Collaboration

=
a—‘—_——‘—-—_—-‘]
teamwork with many engineers Detailed history graph }\ FoEF 7
\ .

B overview for many versions

‘BI[a.C_e_ab.ll.II)L by VEersion COﬂtFOl B Visualization of reference or

. status versions
BEach change automatically documented

B Advanced filtering and search

BCompIeter traceable history

Bversions are unique

(can be used for identification and communication)

I
Bpata synchronized between CAE engineers ‘ T
. . . ’Oll “ '. o . 6% . ., o
BEeach change is instantly available for everyone —
BnNo handling of files in file system _ : —
(no manual up - and download of data) L= . g .. o -
?,r‘“. ,_r, o { -
B Live Mode e
B collaboration across the world in real time - ’/[\
e s i
B simultaneous working on different components in —al =
one model '
-
BEach change is instantly propagated to the team —
B Automatic locking of files being worked on Ry

Overview for

: - Merged versions _ S o big graphs }/ — < —
NAFEMS World Congress 2025 | Salzburg, Austria | May 19 -22 2025 - Streamlining Complex Product . _ 5 . M = = - _— c—

NN NWC25

43
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Data structures fﬁfiﬁ\‘i, NWC25

~ B Datenbanken _ 1
project structure with shared data _ /‘ ‘\! g&
~ 1 Barrieren S /4

» = Barrieren-Front

B Data shared across multiple brands » & [ Barrieren-Heck
Borganized in library pools > 8 Bl Barrieren-Seite
Bcan be mounted by any project = rormen :
B Reibwerte Bary‘
~ P Basisdummies CAE users
B standardization 9 Basisdummies &2 e

> B ¥ Basisdummies 52

Bassures comparability =] R EasiSdummi}WS‘

between projects ~ B Material

» B | Material
BReduces errors & B materia ’

5e°
Pt
B bemocratization / knowledge transfer v P Tools N
/ CAE users
BExperts prepare models and methods Bl AUDLRESULT DIR engineers
B _ CAE experts > B B Apps (49 - Audi)
Every CAE engineer can access and specialists > © (B B check-Configurations (78 - AUDI_Pamcrash)

}/> 2 B 8 component-Checks (8 - AUDI_Pamcrash)

v B B3 Tools_Referenzen (141 - COCKPIT)

}— > B B3 8 Clusterskripte (1008 - Clusterskripte_AUDI)

> B ESI_Check (72 - ESI_Check)

. » B m GECO_Direktiven (59 - Postprocessing_INTERIEUR)
Postprocessing
> B GECO_Skripte (137 - Default)

> 8 ¥ Modulstrategie (116 - Modulstrategie_2016)

use the provided libraries

NAFEMS World Congress 2025 | Salzburg, Austria | May 19 -22 2025 - Streamlining Complex Product Development: Integrating Systems Engineering and SDM in d
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Current Setup of VW - Group

collaboration with other brands and external partners

BcaEis indispensable in vehicle development

BEngineers need to collaborate
across many sites

B several brands throughout the VW Group
sharing CAE models and methods

B Material libraries
B Barriers, impactors, dummy models
B standardized solver control cards

B Scripts, tools and process chains

BEngineering service suppliers
and partners are integrated

B some partners work with VDI clients
B some partners synchronize the CAE data

B some strategic partners use their own servers to
synchronize data for larger teams

NAFEMS World Congress 2025 | Salzburg, Austria | May 19

(remote desktop)
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Current Setup of VW - Group (‘iﬁ\) NWC25

usage of SCALE.sdm within VW -Group — \\!g/&

B~1100 users during last 365 days

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

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

B simulation Disciplines  (~23 dierent disciplines) 15000 _
B structural crash  (panmicrasH, 1spyna) \4

B Occupant safety (PAVMCRASH, LSDYNA) 10000

B Interieur head impact (PAMCRASH)

B pedestrian safety pavicrask) 2000

B seat systems (PAMCRASH)

0
B NVH wasmran, avagus) S ! S 5 9 % Q N N & N
o (@) o o o o o o (@) o o
(Q\] (Q\] (Q\| (Q\] (Q\] (qQ\| (Q\| (Q\] N (Q\| (Q\]

B multi Body Dynamics (40AMS)
Be

NAFEMS World Congress 2025 | Salzburg, Austria | May 19 -22 2025 - Streamlining Complex Product Development: Integrating Systems Engineering and SDM in One Platform
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Product Setup fﬁdﬁ\ 25
as part of the SDM System ' \\! g"}» ch_

SCALE
ﬂ SDM @ Model Backend Systems @AUDI

Test

= Cen~N + VisVerdi

Simulation

Solving &

Result
Extraction

5 Attributs ¢ 3D Models
M Images 2 €

i Videos

Data from all back -end systems

are standardized and presented
together in SCALE.sdm.

NAFEMS World Congress 2025 | Salzburg, Austria | May 19 -22 2025 - Streamlining Complex Product Development: Integrating Systems Engineering and SDM in One Platform
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Test and Simulation in One Cockpit A\
P § aonNwezs

SDM -System

SCALE.sdm M Resut v
Backend Systems @AUDI ST W& o =

W Projects 4+ | "= Draghere to setrow groups Cc Y, =~ | Default -
Results <
Test o L] Gurt- Bendin.. oo Bendin... B.. Bending- Bending- Bending-
es ¥- schloss.  Moment P Moment M. Moment Moment Moment
Star Name Regul... P... " Femur- =t Femur- b Ti.. Tibia-Mid- Tibia-Mid- Tibia-
I ungs - pper Midlom]  Lower u.. Upper Lower Lower
kraft [M*m] - [N*m] IN... [N+m] [N*m] [N*m]

I Collections +
F 1 Cen [ Visverdi

No rows to show

@ stakeholder Anforderungen:
* Gesetzlich
* Verbraucherschutz

* Intern

Simulation

¥ Scenarios X . x

Quickil | C X
~ [@ Europa

> [0 Euro-NCAP

> [ EceRr137

~ [ ECE-R94

O other
[J eceRrz21
5% Attribut s P 3D Models Da |z - ’
. [ other
> O war Selected: 1 Total items: 38 /
00
a Images ::: ¢ @ Attributes W Videos B Documents Iz Channels & Events & Measure data @ Photos X X 0 Anforderungen
[Fitter | =

HH Videos ’ ) i N ’

Results are automatically
evaluated/colored according to
the project configuration.

Data from all back -end systems
are standardized and presented
together in SCALE.sdm.

NAFEMS World Congress 2025 | Salzburg, Austria | May 19 -22 2025 - Streamlining Complex Product Development: Integrating Systems Engineering and SDM in One Platform
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Test and Simulation in One Cockpit
SDM -System

Reports

Barplot Fahrer HF

T\
§ “Ninwczs

Comparison of Test and Simulation

Obersicht Fahrer

HH

FRessliRatingl

Project Monitoring

Milestones

'
s 156
SCALE.sdm B Resutt v \ / /J
PR | =
W Propcsand | W X]| @ ond = g \ / <
O Propcs + Eremreerye C % -l | Default . o £ Wi E
Results < \
-] L " Bendin... Bendin... Bending- Bending- Bending- \
v Momeni SO pment Moment loment Moment - 10 -
s Nom g [p. e Moment | por” ThaMid | ThaMd- | Thia
I INgS - Lppe Wid e Lower Upper ower Lower . \
B Collections  + st i) Nl Nl Nml Nl

Scenarios X

““““““““““
> O ecEr137
v @ EERos
sekm/
56 km/l

Test Evaluation

L 2
L 3

Name: PVS
Description: Produktions-Versushs-Serie

VER-243 iShalusgessriche)

iERz Planned At: 2019-08-09
VER-21 (EX-24 asierTerm. Plangtetusgr. _
WEK (Anl&ute)
5 S =0 e e

Write back to databases

4. Cen CAE-Bench

-22 2025 - Streamlining Complex Product Development: Integrating Systems Engineering and SDM in One Platform
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Report Project Status

SDM - System

No rows to show

ok
w
¥ Scenarios X < w
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Summary & outlook

Summary
Blncreasing demand for CAE
B SbM essential

B Requirement management
B Collaborating with many engineers
B Enforcing standardization
B Monitor product performance
BSuccessfuIIy implemented digital transparency

B Across the entire V -model

BReal machine -driving digital data processing

Outlook
Bgue 2heGnEeauer Ly)] Gray
B Enable cost savings through optimization of the
testing plan
B Automated resource planning
B pata Analysis
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