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Can Al Actually Help to Design a Vehicle?

#2 Knowledge
g GRAND

#1 Agentic Al [a“t°m°“ve]
#3 Data Analysis Lchal ence

From Requirements to Validation: Agentic, Semantic and Robust Al for Next-Gen CAE

= Challenge #1: Use Agentic Al to link specialized tasks in the V model

Connect project requirements consistently with simulation models and results
Monitor fulfillment during the entire virtual product process

Make requirements and KPIs available for Al to find solutions

Make all the data in the SDM system readily available for Al agents to use them

= Challenge #2: Incorporate semantic reasoning to improve model reliability

Increase consistency

Deliver better explainability and auditability

Reduce hallucination

Make the knowledge in the SDM system readily accessible for the Al (Knowledge Graph RAG)

= Challenge #3: Use Al for robustness assessment to improve quality

ML-based parameter studies at all steps along the development process
Link quality KPIs to CAE results
Data Analysis

SCALE-:
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Al chat search & analysis
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Data Analysis
neural network based
regression models



Introduction: Simulation Data Management

automotive
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#1 Agentic Al
#2 Knowledge
#3 Data Analysis
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ML & Al by learning from simulation results

data analysis, predictions, classifications, detection of unwanted behavior, labeling, ...

automotive
#3 Data Analysis [&E\‘L{\Eﬂg]

Examples implemented as CAE processes in the SDM System
that in some way use the data generated and archived.

Data Analysis

Event Detection

SCALE=:

Time series classification

Reduced Order Models

Data-driven prediction of simulation results

Data Analysis
neural network based regression models

Time Series Classification
labeling / error detection / outliers

Integration into SDM System: Workflow I%I
CHALLENGE:
NFS Share
SCALE.result 1/ iSOy tint mectonmny I\l photos et
Y
= h‘ 150y R —
2 isomarns  predictonfunn B
SCALE.model HPC/ usterscripts sowz .. et
Processing
L Submit Job . e T
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Event Detection
differences against large database of results
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Prediction of simulation results

extrapolate unseen results from previous simulations

ROMs
reduced simulation time

carhs
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Data Analysis

#3 Data Analysis

automotive

GRAND

CHALLENGE

Implemented as Add-On in SCALE.sdm

= Basic functionalities

= All data in SDM-System can be used

Scatter Plots

SCALE=:
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#3 Data Analysis g‘f\‘i\EﬂGDE

Data Analysis
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Event detection

automatically detect anomalies and unseen behavior in crash simulations

NAFEMS DACH Konference 2024; M. Liebscher; Synergizing Data
Analysis and Machine Learning with Simulation Data Management

SIMVEC 2022; P. Schwanitz (Porsche); Towards Al-Based
REcommendations for Design Improvement (Al-B-REDI)

DOE / Sampling

Moldel Solving

Assembly

8 8 8 B O @ @ @ 8 O }
0O 00O OO0 O/D O D

Event run 175
Hood aera with max.
event score

SCALE=:

SI DACTGmbH FemAlyst

Loadcase USNCAP Rigid Wall
= Vehicle Speed 56 km/h

=  100% frontal

The model has been provided by Dr. Ing. h.c. F. Porsche AG which is greatefully acknowledged.

Design of experiments
=  sheet metal thickness of 38 parts

[0.8,2.5];[1.5,5.0] mm
parts used for DOE l_

= 60 simulation runs

L

Key-Result
Extraction

L

Scan all incoming
simulations for outliers

Store results

Reference vs. Outlier

carhs
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Reduced calculation times by data driven methods

SDM-system used mostly for process integration & automation

ROM (MOR)

= Super Elements or Linearized Flexible Bodys created

automatically

= Load case depended assignment of reduced models

Predictive Al

= All simulations are stored in a FemAlyst database

= FemAlyst is used for predicting the result

= Prediction is integrated into SDM

SCALE-:

SI DACTGmbH FemAlyst

B. Time Reduction
L .
Q Variant 1 (practical environment, 4 CPUs, no control)
Separate Reduction | Combined Reduction
15 EM 30 EM
Time [s] 44,172 39,020 32,653
Reduction [%)] 12 26
Element Processing [s] 18,629 15173 13,099
Contact Algorithm [s] 17,028 14,444 11,811
Rigid Bodies [s] 423 1,427 1,522
‘ Combined reduction is better
Q) e ool S sl
DRESDEN T 25.09.20; concept W
13t European LS-DYNA Conference 2021; Zeidoun El Khatib
Analysis of LS-DYNA MOR Approaches for Application in Crash Analysis
and Integration in SDM Workflows
Integration into SDM System: Workflow I I
GRAND
CHALLENGE
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Automotive CAE Grand Challenge; Hanau; September 2020; A. Gartner
Prediction of Simulation Results with Integration of SDMZIP in SCALE.sdm
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#1 Agentic Al [automotive]

Generative Al in Simulation Data Management #2 Knowledge

Examples of how generative Al (LLMs) can be used to facilitate

CAE workflows and discover the data in new ways. Tolmmm Valet e
®
= Chat assistant for talking with the documentation
. . . . . — editor/tools with Al cat B

= Integrations in CAE preprocessing tools Chat with documentation

manuals, regulations, ...

I — O "
= Assistant for creation of change documentation \/ﬁ, s

& :

= |ntegration in process workflows

CoEgRe0OF B
' 2 Changes. @
add stffnes against bucking
Al assistant ‘\
- Q

Al assisted change Al job log analyzer
documentation

= Integration in Postprocessing

uuuuuuuuuu

« Al chat with SDM data (y =

i e H
: - {
NN Summary for = - ==
= n observations [ — —
o l§ of results F ‘ ‘
i <) me

S C A L L_I.I Al for result processing Al chat search & analysis

e.g. summarization of reports

-~



Al - Chat wit Documentation

automotive

#2 Knowledge [
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CHALLENGE

e

SDM User Manuals
= |Integrated directly in SDM system

Quick answers to questions about SDM system

= References to relevant sections in the manual
= Step by step instructions

Assistance for implementations with SDM APIs

CAE-Tools, Inhouse Process documentation, ..

= Upload Documentation of CAE-Tools
= Integration with SDM internal chat

= Configurable as LLM endpoint for SDM environment

SCALE=:

SCALE:

A Run-Config (Run Configuration) in SCALEsdm is a

It collects all necessary parameters, scen;

structu

ario settings, include:

What is a Run-Config? How do | create one?

red definition that specifies how a model calculation is to be executed.

4 components or inputs, tagging, naming, and sometimes workflow or

output configuration. Creating a Run-Config allows you to execute rep P ions or model

in an organized and auditable way.

What is a Run-Config?

+ Purpose:

To define all settings for a single model run or a multi-run scen

includes, tags, and desired outputs.

« Content:

A typical Run-Config includes:

* Model or scenario references (which model/version to run)

* Parameter val

lues

ario, making sure the model uses the correct parameters,

Questions on how to
use the SDM-System

carhs

B Empowering Engineers



Al - Integration in CAE Preprocessing Tools #2 Knowledge [E%\%]

CHALLENGE

0B 0O

Text Editors
= Text editors can provide chat integrations or Add-Ons

= Chat provider configured centrally for all SDM-users L .

included for chat

= SDM system can pass on APl endpoint for LLM

= Editor opens directly from SDM

‘-
. . as sidebar in VS Code
= Chat with CAE documentation :

LS-DYNA file opend in VS Code + Continue

CAE-Tools
= Tools like ANSA, META, ...

= Custom Agent Frameworks

SCALE™ carhs

B Empowering Engineers



Al - Driven Assistance for Change Documentation (sarecAr-mL research project)

automotive
#2 Knowledge mg
GRAND

CHALLENGE

The Problem
= Writing change documentation is boring

= Consequence: bad change documentation

= Good change documentation is key

Goals

Facilitate change documentation

= Augment change documentation
= Al that understands the nature of changes

Check input of humans for completeness

SCALE=D \ Z Fraunhofer

SCAI

Tag I=

obsolete X Qo Q

O X

subsyste0...ansa (Body in White) ~ [(d I» ¥

- @B SAFECAR-ML | *'

’ .

P
\
&

Bundesministerium

und Forschung

s 28 remove hole from part, as itis not. <
(4 27 increase thickness of PID2045 nad. <
© 26 move hole in b pillar due to chang...
C+ 25 update 137_floorxmembermiddleL <
© 24 Bracket in lower b-pillar extended ... <
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©@ 20 Increase width lower outer b-pilla...
©@ 19 sheet thickness of rocker panel (P... <
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©@ 16 German: Increase Thickness of B-... <

=~ @ 15 floor cross member further stren... <

Preview (From History) O X
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N

by

.
Properties (From History) O X

s biw subsyste@025_5f968018.ansa

| Search \

fFEoMsEe0®0 OF&

‘ v [@ changes (4)
update 137_floorxmembermiddleL
- use floor cross member (PID 2075) from pool version
11 (less stiffness)
- geometry changes applied in the pids for part
137_floorxmembermiddleL

Uncategorized ...

Remarks (0)
> Uncategorized Actions

Please provide a name for this measure.

> EJ Snippets 4)
Vv [¥] Checks m
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automotive CAE Grand Challenge, April 2025; M. Thiele

Master Complexity of Version Management in SDM by

Al-Driven Assistance
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Al - Driven Assistance for Change Documentation #2Knowledge  JAdaNp
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Preview (From History)
| +

Problem

o iEE ees
o R - - X (¥ v i) ue

‘(.Zh'anges Modified version

/,‘ v‘. X - > ’ . % 2
Properties (From History) O X

Preview (From History) ! o x M d I i biw subsyste@014_95816cle.ansa
P Y - oae
y i/ \ RS - CO m pa re ‘ Search ‘

CEEBEe0 0P R
Automatic change ¥ 0 changes T @
extra ctlon | add stiffnes against buckling

Properins (F tnry) : - : X —e B— \‘ s i m p I e CO m m e n t

Augmented cha nge i biw subsyste@d14_95816cle.ansa o_J&LO R
documentation p= =
Enhance Eozoosc ]
. = = —
”U pdate 1 37_ﬂOOeremberm|dd|eL add stiffnes against buckling
stiffness

+ add stiffness against buckling: Applied
changes to part
137 _floorxmembermiddleL (PID 2075)
for enhanced buckling stiffness

Prompt for LLM

= Modelcompare Output
+ Updated geometry details in the pids”

= Context provided by user

— N automotive CAE Grand Challenge, April 2025; M. Thiele
S CA LE .II ‘ ~ Fraunhofer ‘ a SAFECAR-ML ‘ *'g‘jﬁ;;ﬂgw Master Complexity of Version Management in SDM by

SCAI Al-Driven Assistance
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Al - Integration in Postprocessing #2nowiedge (13
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SCALEsdm Ml rest v wiv & = 7 =
= Reports of simulations can be very long -
B Grid W | 8 Report x [— s
“i= Drag here to set row groups ! Y, == CRASH side - m N
Structural Ratings > Legend . ~
. . . .
Intrusions B-Pillar ¢ 0011_YARIS_IIHS_MDB 60kmh_lhd_NR__-_lsd 5c1b m
= Checking all results is time consuming o OOV IHSMOD_ 0k MRy e
o
; s
star Name ¥ & freed [ o peis 3 Description ~
3
% v |Wms v v v v v ||
s 7t waveswswo__ [N o> N . A o 1 I oo varsims o s okmnha_nR_-
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* 0009_VARIS_IIHS_MDE B 034 _ J ‘:—" cross member at floor height (PID o, e
1 1 ¢y  ooosvarisiis_moe____ [RENS 034 foss e = - 2075) .- The connectionto the rockft  p4omen height
u Au to m a tl Ca | |y C re ate CO n CI S e S u m m a ry e 0007_YARIS_IIHS_MDB 0.34 _ % panel at the top has been widened ghd -Increase of the intrusion value
T d DO0B_YARIS_IIHS_MDB______ 033 _ 033 @ flattened. and additional spot welds| at pelvis height
vt 0D05_YARIS_IIHS_MDB. 0.34 _ were provided. - The side connectiofls -Siml_laram.moun‘t of failure and
~  Retrive data from key results PR — s [oBE o vk prtreve b ol e
w o  0003_YARISIHS MDE____. RS 0.34 ‘o036  lo3s 7 and provided with . spot welds. - S/t _gjight worsening of the failure
4 b CEEEE— 4 welds have also been added at the and plastic strain on the cross
- Create pro m pt fo r LLM Selected- 1 Total items: 26 bottom to connect this element witfft. =~ "o an theennd
. . . he floor panel. @ a
— Use existing observations for style and context © Atrioutes | @ Pnotos x | @e viceos | @ Documents * | ke Channels - x . \
Fifter | =

Summary for
observations
of results

= Only most relevant changes

= Keep human in the loop

= Use knowledge of existing observations

o
SCALE™: carhs
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Al - Chat with SDM data e ol [CAE|

CHALLENGE

L3
Sea rCh and Data AnaIySIs 1 & Componentdeletions - SCALESe X - - [} X
. = G ] https://demo-test.sdm.scale.eu/search/app/dashboards#/view/scale-sdm-component-search-dashboard?_g=(filters:|(),refreshinterval(pause:itvalue:0)t... o7 {3 {E 0
= Navigate through all SDM data

. ﬂ Ask questior  Ctrl+/ @

= (=) Dashboards Component deletions |
. . . Generic search terms A
= Specific search index for quick responses HET . pustionofse & v © 3
¥ @ Addfilter ]
. . . . Rules man  Referencing pools Components &"
= Visualizations of metrics of SDM data o E— | Welcome i o he SCALE s
. h -_ L Modification time - Assistant!
] m I can help you analyze data, create

visualizations and get other insights.
2022-10-24 16:28+02:00

= Access rights of users are respected

How can | help?

Integrated Al Chat ¥

assistant for SDM S

=

g No, the last successful Euro NCAP evaluation
2022-10-24 16:28+02:00 h ! X
Components per pool used seat v105. This was done in pool-version

oun’
AI - C h a t 2022-10-24 16:28+02:00 v345 on October 12, 2025 by Arthur Dent.

Referencing trees Tags of referencing pool version

2022-10-24 16:28+02:00 C o0
= Data in search index also vectorized for RAG T, | o2t

' . {:\u 2022-10-24152&%:?? \Kkmeanywngm Go <
= Users can use their LLMs to chat with the data

Interactive filters \‘ List of results

Access rights of users are respected

Use knowledge of existing models and observations

SCALE™ carhs
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Knowledge retrieval in SCALE.sdm - value creation from years of development

automotive

GRAND

CHALLENGE

#2 Knowledge [

e

Problem

« Historical development knowledge remains largely unused today &sDM

Insights from previous projects are scattered, difficult to find, and hardly usable in everyday work. /\
« Similar problems are analyzed multiple times T stese

Already known measures from other projects often do not flow into the decision-making process in time.

« Data stock does not generate added value without Al

Despite years of SDM history, there is no direct access to AIETRE)
comparable cases and effective countermeasures.

Where have we seen this

Proposed Solution PIOBIEMBEIOre?

How was it solved?

Al finds similar cases and proven measures

Users receive directly usable hints from real development cases
instead of just raw data or individual documents.

»

 Decisions are made faster and more informed

and can evaluate measures more precisely. At the other site, there was a

A similar problem
: occurred at another
ﬁ site two years ago
Knowledge
Graph

rﬂ
How can | solve this? - (
The user sees what has worked in similar cases, _ |
-

similar issue in Pool Version 123

« SDM becomes an exclusive knowledge advantage | oo Yirvinproject which was

resolved by increasing the
The traceability of data in an SDM system enables Al to find the right answers stiffness. If you'd like, | can look
throughout the whole for more examples!

S C A L L_I.I Write a message...
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Al Agents for job analysis and problem solving

Problem: Simulation does not run I atasistant o

= Solver and process logs can be very complex — |
= Users often can not solve the problems by themselves o ‘ b
Ask questions about your data, your processes, or how to use v [@ Anderungen (3)
the software. Al ng Analyzer experiments - #2 -> integrated Assistant
Implementation -
= The whole job directory is passed onto kb .
an Al age nt Remarks (0) +
Vv Changes in 629 (based on po... (5)
= The Al Agent analyzes the problem Sotimpucemspy
) Suggestions Al Log Analyzer experi...unning in extra window
= Through Knowledge Graph RAG Agent finds LR LES GemeRtaE i
prior solutions to the problem L TEANCENTER. py s
= Agent makes suggestions how to solve the problem CLAT_LOG_analyzer. py @
route log analyzer outp...t-effort error handling
= All relevant assets in the SDM system = base_Lln_client lib.py @

l”/&

. . Al chat for more lAsk something .. 55 > Al Log Analyzer experi...unning in extra window
are linked for the user in the answer : R
qu estions Al Assistant  Historie Preview  Eigenschaften

Outlook

(]

= Al Agent fixes the problem and restarts the job | © Soving b Setings RO Remnadon Lo, i i

> @ Model assembly job

Assembly: Assembly finished Submit Folder,Log

> @ Solving job

S C A L L . | Solving: ERROR Termination LOG_FILE




#1 Agentic Al
‘ #2 I(nmmlndge

Integrating Al services in CAE workflows ay

[ rovewiprommsory 0 x|

\/A

s
< & changes @
Al assistant I\ D

Al change
_ documentation
'\443 YARIS_USNCAP_RW, f_56kmh_lhd__-_lsdyna
Dwnl ad job ended or aborted with message: process_fail

editor/tools with Al chat

Open Al | ChatGPT &) chatGPT

Anthropic | Claude 3 Claude '

ﬂ SCALE
SOM ) [T

LLM proxy

Simulation Job

Google | Gemlnl Gem|n| ‘ Desktop Client Sohing:51585msof 1030ms computed ob Eoder
Mistral | Mixtral [ zsRaL .
self hosted models RAG system

Azure | ... b Azure Al Foundry Llama-3.1
AWS I Titan, ... \aWS, Qwen-2.5 coder
Deepseek Al job log analyzer

SDM-system becomes a central hub for connecting the
simulation data and workflows with the generative Al.

. Summary for
n observations
[ of results

Al for result processing

SCALEZ]  Z Fraunhofer ¢ sarecar-mL | #[EED"

SCAI

Al chat search & analysis



SO LONG, ‘
AND THANKS /&

FOR ALL THE FISH

m https://www.linkedin.com/company/scale-gmbh/
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2 LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
IT-Solutions for CAE authorize or endorse these investigations.
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