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Agenda

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

Why using data management for crash simulation?

02 Requirements
Setup of Requirements for virtual product development

03 Collaboration with Simulation Data
How to organize data for effective collaboration?

04 Result assessment 

and monitoring
Keep all the results together with relation to the requirements.

05 Summary & outlook
ÂÿÒĹ ÿÒĲ Ýèèę äĠęè Òęä ŊÿèĮè äĠ Ŋè ŊÒęĹ ĹĠ úèĹȻ
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Motivation
rising dimensions of complexity
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ɃRequirements

ɃLegislation

ɃConsumer tests

ɃCustomer requirements 
(convenience)

ɃSustainability

ɃȻ

ɃCollaboration

ɃProject lead engineers

ɃMethodology responsibles

ɃExternal engineers

ɃSimulation disciplines

ɃTier one suppliers

ɃJoint ventures

ɃȻ

ɃProjects and derivates

ɃBody variants

ɃTypes of vehicles
ɖ-8Áȷ M8Áȷ £M8Áȷ P.8ȷ Ȼɗ

ɃInterieur configurations

ɃDifferent markets

ɃȻ
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Motivation
rising dimensions of complexity ɌSystems Engineering
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Stakeholder Requirements :
ÅLegal

ÅConsumer Protection

Å Internal

Component

System

Sub System

Requirements

Requirements

Requirements

Motivation
rising dimensions of complexity ɌSystems Engineering
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Stakeholder Requirements :
ÅLegal

ÅConsumer Protection

Å Internal

Component

System

Sub System

Requirements

Requirements

Requirements

Requirements

Requirements

Requirements

Stakeholder Requirements :
ÅLegal

ÅConsumer Protection

Å Internal

Motivation
rising dimensions of complexity ɌSystems Engineering
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Motivation
rising dimensions of complexity

ɃRegulatory -compliant data retention and proof of compliance required for several decades.

Stakeholder Requirements :
ÅLegal

ÅConsumer Protection

Å Internal

Component

System

Sub System

ȻȺ

Software Control Units

Steering Wheel

Ȼ

1 n

Å ʨ ªīĠĐèĲ
Å Round/Flattened
Å ȻȻ

Variants :

Cockpit

2
Requirements

Requirements

Requirements

Requirements

Requirements

Requirements

Stakeholder Requirements :
ÅLegal

ÅConsumer Protection

Å Internal
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Motivation
rising dimensions of complexity ɌSDM System

Stakeholder 

Anforderungen:
ÅGesetzlich

ÅVerbraucherschutz

Å Intern

Komponent

System

Sub-System

Anforderunge

n

Anforderunge

n

Anforderunge

n

Anforderungen

Anforderungen

Anforderungen

Stakeholder 

Anforderungen:
ÅGesetzlich

ÅVerbraucherschutz

Å Intern

Project -Independent 

Master Data Catalog

ɃSystem network of various tools that communicate with each other to provide transparency from testable 

requirements to final approval.

2. Product  Setup 5. Product  Status Monitor

4. Analysis and Evaluation

3. Handling of Test and 

Simulation Data

Project

1. Collection of  Master Data



10

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

Method: Continuous Requirements
Traceability in the System Network

Requirement: 
Seatbelt buckle release force after test < 60N.

Features

Type Name Value

Stakeholder Regulation Protocol 
Version

ECE-R_94_02(Final-2016 -
06)

Test Criteria Barrier ODB

Test Criteria Impact Angle 0ɬ

Test Criteria Vehicle Speed 56 km/h  -0/+1 km/h

Component Component Seatbelt Buckle

Target 
Value

Seatbelt buckle release 
force 

<60 N

ɃMethod :

ÅCapture of requirements along with the verification specification, so that they can be digitally processed
broken down into individual features

ÅDuring verification, test results can be automatically assigned to the requirements and evaluated.
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Method: Continuous Requirements
Traceability in the System Network

ɃWhat  do we gain  from  this :

ÅReal machine -äĮĂŉèę äĂúĂĹÒĒ äÒĹÒ īĮĠÞèĲĲĂęú ˣ ±ÿĠľĲÒęäĲ Ġò ĮèĭľĂĮèĘèęĹĲ ÞÒę Ýè ÞÿèÞĐèä Òęä ŉèĮĂòĂèä Ăę ĲèÞĠęäĲ ŊĂĹÿĠľĹ èĮĮĠĮĲȺ

ÅDigital/continuous verification status overview from requirements through test data to approval.

Test

Features

Type Name Value

Test Criteria Barrier ODB

Test Criteria Impact Angle 0ɬ

Test Criteria Vehicle Speed 56,3 km/h

Result Seatbelt buckle release 
force 

24 N

Requirement: 
Seatbelt buckle release force after test < 60N.

Features

Type Name Value

Stakeholder Regulation Protocol 
Version

ECE-R_94_02(Final-2016 -
06)

Test Criteria Barrier ODB

Test Criteria Impact Angle 0ɬ

Test Criteria Vehicle Speed 56 km/h  -0/+1 km/h

Component Component Seatbelt Buckle

Target 
Value

Seatbelt buckle release 
force 

<60 N

ɃMethod :

ÅCapture of requirements along with the verification specification, so that they can be digitally processed
broken down into individual features

ÅDuring verification, test results can be automatically assigned to the requirements and evaluated.
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Method: Continuous Requirements
Relationships between amongst the requirements
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Product Setup
as part of the SDM System

Normalized  Data from  
Master Data System

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

60.0

0
60.0

0

Region

Product  Equipment

Vehicle Project Configuration  

in SCALE.sdm
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Product Setup
as part of the SDM System

Requirements  
from  
SCALE.project 

Technical 
specifications

Design 
constraints

Simulation

Testing

Model Backend Systems @AUDI

Data from all back -end systems 

are standardized and presented 

together in SCALE.sdm.

Attributs

Images

Videos

3D Models

Ȼ

Simulation

Test

Test and 

Simulation

Solving  &
Result  

Extraction
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Component pool 
(~500-1000 components in one pool)

airbag TTF 15ms

vent area 15ms

sheet thickness 1.2mm

calc time 100.1

friction 0.1

Component parameters

[ 1.0 Ɏ 1.4 ]mm

Limousine

Avant

1.0mm

Ɏ

1.4mm

Assembly of multiple load cases and derivates
(~200 - 300 run - configurations for one vehicle derivate)

Setup of optimizations and DOEs

ƴ Parameters and optimization goals are defined

ƴ Assembly of vast amounts of simulations

US-NCAP Side US-NCAP Front

CAE Model handling 
automatic creation of many load cases from many components with relation to requirements
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CAE Model handling
tools and scripts

CAE ɌPreprocessing tools

ɃOpen directly on local workstation
(no cumbersome up - and download of files)

ɃData automatically synchronized

ɃUse native applications on desktop

ɃPython scripting API 

ɃApps managed by key users

Solver disciplines

ɃFlexible setup and Configuration
(completely manageable by advanced users)

ɃUser scripts for 

pre- and post -processing

ɃPython templates 

for assembly

Open directly 
from SDM

Apps predefined 
by key users

Meshing in 
Preprocessors 
directly from 
SDM 
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Collaboration
teamwork with many engineers

ɃTraceability by version control

ɃEach change automatically documented

ɃCompletely traceable  history

ɃVersions are unique 
(can be used for identification and communication)

ɃData synchronized between CAE engineers

ɃEach change is instantly available for everyone

ɃNo handling of files in file system
(no manual up - and download of data)

ɃLive Mode

ɃCollaboration across the world in real time

ɃSimultaneous working on different components in 

one model 

ɃEach change is instantly propagated to the team

ɃAutomatic locking of files being worked on

Current version 635

Predecessor of 
version 635

Successors of 
version 63 5

(connected by rails)

(connected by rail)
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Collaboration
teamwork with many engineers

Merged versions

Detailed history graph

ɃOverview for many versions

ɃVisualization of reference or 

status versions

ɃAdvanced filtering and search

Overview for 
big graphs

ɃTraceability by version control

ɃEach change automatically documented

ɃCompletely traceable  history

ɃVersions are unique 
(can be used for identification and communication)

ɃData synchronized between CAE engineers

ɃEach change is instantly available for everyone

ɃNo handling of files in file system
(no manual up - and download of data)

ɃLive Mode

ɃCollaboration across the world in real time

ɃSimultaneous working on different components in 

one model 

ɃEach change is instantly propagated to the team

ɃAutomatic locking of files being worked on
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Data structures
project structure with shared data

CAE users
engineers

CAE users
engineers

Checks

Apps

Postprocessing

CAE experts
specialists

Barriers

ɃData shared across multiple brands

ɃOrganized in library pools

ɃCan be mounted by any project

ɃStandardization

ɃAssures comparability 

between projects

ɃReduces errors

ɃDemocratization / knowledge transfer

ɃExperts prepare models and methods

ɃEvery CAE engineer can access and 

use the provided libraries

Materials

HPC

Dummies
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ƴ

ƴ
ƴ
ƴƴ

ƴƴ

ƴ

ƴ

ƴ

ƴ
ƴ

ƴ

ÁÂ wĲęÒÝĮŃÞĐ

Current Setup of VW - Group
collaboration with other brands and external partners

ɃCAE is indispensable in vehicle development

ɃEngineers need to collaborate

across many sites

ɃSeveral brands throughout the VW Group 

sharing CAE models and methods

ɃMaterial libraries

ɃBarriers, impactors, dummy models

ɃStandardized solver control cards

ɃScripts, tools and process chains

ɃEngineering service suppliers 

and partners are integrated

ɃSome partners work with VDI clients (remote desktop)

ɃSome partners synchronize the CAE data

ɃSome strategic partners use their own servers to 

synchronize data for larger teams

ƴ

VW Mexico

VW Brasil



21

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

Ƀ~1100 users during last 365 days

ɃData since 02 -2011

Ƀ~7.8 million assembled simulations

Ƀ~2.8 million component versions 

Ƀ~800 thousand pool versions

Ƀ~60TB of simulation input data

ɃSimulation Disciplines (~23 different disciplines)

ɃStructural crash (PAMCRASH, LS-DYNA)

ɃOccupant safety (PAMCRASH, LS-DYNA)

ɃInterieur head impact (PAMCRASH)

ɃPedestrian safety (PAMCRASH)

ɃSeat systems (PAMCRASH)

ɃNVH (NASTRAN, Abaqus)

ɃMulti Body Dynamics (ADAMS) 

ɃȻ

Current Setup of VW - Group
usage of SCALE.sdm within VW - Group
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Simulation solver files created per month 
(floating average of last 365 days)

COVID-19
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Product Setup
as part of the SDM System

Requirements  
from  
SCALE.project 

Technical 
specifications

Design 
constraints

Simulation

Testing

Model Backend Systems @AUDI

Data from all back -end systems 

are standardized and presented 

together in SCALE.sdm.

Attributs

Images

Videos

3D Models

Ȼ

Simulation

Test

Test and 

Simulation

Solving  &
Result  

Extraction
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Test and Simulation in One Cockpit
SDM - System

Gurt -
schloss-
ĥffnungs -
kraft

Backend Systems @AUDI

Data from all back -end systems 

are standardized and presented 

together in SCALE.sdm.

Attribut s

Images

Videos

3D Models

Ȼ

Results are automatically 

evaluated/colored according to 

the project configuration.

Simulation

Test
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Gurt -
schloss-
ĥffnungs -
kraft

Reports 

Data Analysis

Comparison of Test and Simulation

Project Monitoring

Test Evaluation
Write back to  databases

Test and Simulation in One Cockpit
SDM - System
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Report Project Status
SDM - System

Gurt -
schloss-
ĥffnungs -
kraft

Project Monitoring

Verification of requirements using 

test or simulation data

YES

YES

YES

YES

NO

NEIN
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Summary & outlook

Summary

ɃIncreasing demand for CAE

ɃSDM essential

ɃRequirement management

ɃCollaborating with many engineers

ɃEnforcing standardization

ɃMonitor product performance

ɃSuccessfully implemented digital transparency

ɃAcross the entire V -model

ɃReal machine -driving digital data processing

Outlook

Ƀ¶Ĳè ɁhęĠŊĒèäúèȾ ĹÿĮĠľúÿ "P 
ɃEnable cost savings through optimization of the 

testing plan

ɃAutomated resource planning

ɃData Analysis

Gurt -
schloss-
ĥffnungs -
kraft



Thank you!
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