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1 Introduction Simulation Data Management (SDM)
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Introduction:  Simulation Data Management

I SCALE.SDM

Simulation Setup Result Data Monitor

Input Data Handling Storage & Evaluation Project Targets

Collaboration Traceability & Standards Time Saving Democratization &
Integrity Transparency
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Introduction:  Simulation Data Management

I SCALE.SDM

Simulation Setup Result Data Monitor

Input Data Handling Storage & Evaluation Project Targets

Scalable Flexible Pre - and Solver Open APIs Al / ML Integration
Postprocessor Agnostic
Integration
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2 Al & Simulation Data Management
A ML & Al by learning from simulation results
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ML & Al by learning from simulation results

data anal ysi s, predictions, <c¢classifications, detection of wunwanted
Examples implemented as CAE processes in the SDM System LA e
that in some way use the data generated and archived. SO o e o =

A Data Analysis

A Event Detection

A Time series classification

A Reduced Order Models

A Data-driven prediction of simulation results

SCALE=:
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Data Analysis
neural network based regression models

Time Series Classification
labeling / error detection / outliers

Integration into SDM System: Workflow H!H
GRAND
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Prediction of simulation results
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differences against large database of results

B. Time Reducti
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reduced simulation time

extrapolate unseen results from previous simulations




Data Analysis

Implemented as Add -On in SCALE.sdm

A Basic functionalities

Trend Analysis

A All data in SDM -System can be used

Correlation
Matrix
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Data Analysis

.@D a4 cavit x  + -

G %) https;//demo.sdm.scale.eu/cavit/ a A

Data Analysis e

Data Output: ROLC

Sobol Sensitivity

Using meta-model Tensorflow regression model (fine)’ with R2 = 0.727), output range [21, 3]

il Plots
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Tensorflow regression model (fine) (#3)
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Event detection

automatically detect anomalies and unseen behavior in crash simulations

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

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

DOE / Sampling Moldel Solving
Assembly
o R - Event run 175
e et ° I Hood aera with max.

event score

sz

8 8 8 B B @ @ 8 8 O &
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s B0z sz

SCALE=2 SIDACT6mbH remalyst

Loadcase USNCAP Rigid Wall
A Vehicle Speed 56 km/h

A 100% frontal

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

Design of experiments

A sheet metal thickness of 38 parts
[0.8,2.5];[1.5,5.0] mm

A 60 simulation runs parts used for DOE l—

7

P

Key-Result
Extraction

1
L /

Scan all incoming Store results
simulations for outliers

. BB /‘ Reference vs. Outlier
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Reduced calculation times by data driven methods

SDMsystem used mostly for process integration & automation

MOR

A Super Elements or Linearized Flexible Bodys created
automatically

A Load case depended assignment of reduced models

PCA extrapolation
A All simulations are stored ina FemAlyst database
A FemAlyst is used for predicting the result

A Prediction is integrated into SDM

SCALE=: SIDACTGmbH FemAlyst

B. Time Reduction

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
DRESDEN T 25.09.2( concept W

13t European LS-DYNA Conference 2021: Zeidoun El Khatib

Analysis of LS-DYNA MOR Approaches for Application in Crash Analysis
and Inteqgration in SDM Workflows

Integration into SDM System: Workflow
GRAND
CHALLENGE
NFS Share
SCALE.result 1 LS-Dyna Run 1 Prediction Run 1 videos, photos, etc
! = *.«g._‘_; | LS-Dyna Run 2 N
TR R 15-Dyna Run 3 Prediction Run n 'ﬁ
SCALE.model - HPC / LoCo-Clusterscripts SDMZIP _
Post-Pi /4
new *.ufdb
" ¥ Submit Job . new *.efz
.-
Input Fil -
Assembly e sabt ] z -~ new Result A
Solver Input §
Parameter file ﬁ
S Solving
1/
B
SIDACTemsv SCALE=I G5,

Automotive CAE Grand Challenge; Hanau; September 2020; A. Gartner
Prediction of Simulation Results with Integration of SDMZIP in SCALE.sdm
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2 Al & Simulation Data Management

A Generative Al
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Generative Al in Simulation Data Management

Examples of how generative Al (LLMs) can be used to facilitate
CAE workflows and discover the data in new ways.

A Chat assistant for talking with the documentation
A Integrations in CAE preprocessing tools

A Assistant for creation of change documentation
A Integration in process workflows

A Integration in Postprocessing

A Al chat with SDM data &

SCALE-:
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. a8 & - m
| Assistant for SCALE.sdm Manwal

Do fidential data, 33 your cuest

The

What is SCALE sdm?

) ” editor/tools with Al chat
Chat with documentation

manual s, regul ations, Y
m ® 1443 _YARIS_USNCAP_RW. f 56kmh_lhd__-_Isdyna
Download job ended or aborted with message: process_fail
H =
. & Simulation Job
- y O
RS Solving: 8.1986ms of 100.0ms c¢ «
5
=
v
¥ =
Properties (From History) o x

Al assisted change

documentation

= S 2 e =
—E i | S —— ST I
s Ve — n

==
I = Summary for ) S—CH
3~ l§ of results
ﬁ [ i &) m
Al for result processing
e.g. summarization of reports

Al chat search & analysis



Al z Chat wit Documentation

SDM User Manuals
A Integrated directly in SDM system

A Quick answers to questions about SDM system
A References to relevant sections in the manual
A Step by step instructions

A Assistance for implementations with SDM APIs

CAETool s, Unhouse Procesdoc

A Upload Documentation of CAE -Tools

A Integration with SDM internal chat

A Configurable as LLM endpoint for SDM environment

SCALE=:

S CA L E_ld Confidential infermation (<]
1. Solutions for EAE

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

A Run-Config (Run Configuration) in SCALE.sdm is a structured definition that specifies how a model calculation is to be executed.
It collects all necessary parameters, scenario settings, included compenents 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 erganized and auditable way.

What is a Run-Config?

+ Purpose:

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

includes, tags, and desired outputs.

« Content:
A typical Run-Config includes:

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

+ Parameter values v

Questions on how to
use the SDM -System




Al z Integration in CAE Preprocessing Tools

0B 0O

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

A Chat provider configured centrally for all SDM  -users o ) o T

included for chat

A SDM system can pass on APl endpoint for LLM

A Editor opens directly from SDM

Continue chat interface
. . . as sidebar in VS Code
A Chat with CAE documentation :

LSDYNA filependin VS Code + Continue

CAETools
ATools | i ke ANSA, META, Y
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Al - Driven Assistance for Change Documentation

The PrOblem O X Preview (From History) O x
e .. . . . i subsyste0...ansa (Body in White) ~ [d h v =
A Writing change documentation is boring g 1= T chscince BB ¥

’ . s 28 remove hole from part, as itis not. <

{4 27 increase thickness of PID2045 nad. <

A Consequence: bad change documentation

© 26 move hole in b pillar due to chang...

4 25 update 137_floorxmembermiddleL < f ¥

A Good change documentation is key L

© 24 Bracket in lower b-pillar extended ... < Properties (From History) O X

s biw subsyste@025_5f968018.ansa

©@ 23 Changed material of roof membe...

Search ’

Goals

@ 22 Changed material of roof membe...
CBaMEe000 OFR

| 4
o
A Facilitate change documentation . ® 21 Changed material of roof membe... | [IIEIChanges @

update 137_floorxmembermiddleL
© 20 Increase width lower outer b-pilla... - use floor cross member (PID 2075) from pool version
11 (less stiffness)
- geometry changes applied in the pids for part
137_floorxmembermiddleL

A Augment change documentation

e

©@ 19 sheet thickness of rocker panel (P...

- @ 18 changed material of roof membe... Al Assistant
A Al that understands the nature of changes e ©
© 17 roof rail internal (PID 2111) increa... > Uncategorized Actions Uncategorized ...
- . ) Please provide a name for this measure.
A Check input of humans for completeness © 16 German: Increase Thickness of B~.. < @
T‘ fe="""- @ 15 floor cross member further stren... < V [ Checks m

N automotive CAE Grand Challenge, April 2025; M. Thiele

S CA LL_'_. ‘ % Fraunhofer ‘ a SAFECAR-ML ‘ *'fnﬂnrdﬁg;;ggw Master Complexity of Version Management in SDM by

SCAI Al-Driven Assistance
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Al - Driven Assistance for Change Documentation

Preview (From History)

" -
L f

Problem . K= L - " ol
Changes Modified version k \ = __,\/:/
X ¥ - = .
Preview (From History) — o x M OdEI i biw subsyste@014_95816cle.ansa
i N :_(:':1;,,.,*5' .. ‘ Search ‘
Compare 1 DB e ®0 OFR
o G, T Automatic change < @ changes @
% e extractlon add stiffnes against buckling
# J
Propnrios(F story) : . - . —éa— \‘ Simple Com ment
Augmented Change i biw subsystedd14_95816c1e.ansa oI§Co ¥
documentation —
Enhance BogEo0ec |
— T CE—
3 U p d a t e 1 3 7 . f I OO0r xme mb add stiffnes against buckling

stiffness

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

Prompt for LLM

A Modelcompare Output

A Updated geometry details in the  pidsj A Context provided by user

f— o 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 process workflows

Al can be used as a general -purpose tool throughout
many workflows and scripts in the SDM -system.

Example: complex job log files
A Process logs can become very complex

A Normal users are struggling to find the right
measures for fixing the problems

Implementation:  HCP job log analyzer

A Extract the relevant parts
A Break down the problem & explain
A Suggest possible fixes

A Point to the right files

SCALE-:

Jobs

v [ 0122.00_tube a41d (2025-10-10 11:14:11)
Result upload: Job: 67006: Job FAILED

> @ Model assembly job

Assembly: Assembly finished Submit Folder Log
> @ Solving job

Solving: NORMAL Termination LOG_FILE

v [ Postprocessing job

Postprocessing: PARAM_TO_AXML: Starting parameter mappin, check LOGFILE in case of missing Success status...

© Scheduler-Information

Start

Submitted job 67005

Pl Al log analyzer

@ Job: 67005
Job COMPLETED
> Postprocessing
PARAM_TO_AXML: Starting parameter mappin, check LOGT™ = = ==n~ ~f min=i e =
| OpenWith ALLOG_analyzer (version 15)
v @ Resultupload b -
dit
Job: 67006: Job FAILED bl
vim
& Job: 67006 e p—
Job FAILED open (version 24) L Job log interpreter A _ O X
£ Download result data for 0122_00__tube_a41d (2025-10-10 11:14:11) Jenkins
enkins
Download incomplete, trying again in one hour Summary of what happened
f ® The process entered a post-processing step called “PARAM_TO_AXML,” which is meant to
SU m mary O take run parameters and write them into an attributes XML file for reporting and
traceability [5].
Wh at hap pend —_—— * That step failed almost immediately because a required file named
“0122_00__tube_ad1d_parameters” was not found. The error shown is
“FileNotFoundError,” and the script exited with error code 1.

# After this failure, the system proceeded to the next post-processing task, “FEMZIP,” which
compresses large LS-DYNA result files (like d3plot) to a smaller “d3plot.fz” for storage and
transfer [3]. The lines about “Boot log capture” and “PluginManager” show the post-
processing framework being initialized; they are informational and not errors.

® A*TimeoutScheduler” process was shut down as part of cleanup; this is normal
housekeeping.

What this means for you

# One post-processing step (PARAM_TO_AXML) did not complete because a required
parameters file was missing.

# The pipeline continued and started the FEMZIP compression task, but the excerpt doesn't
show whether it finished.

How to fix the error
S U ggestl O nS hOW ® Provide the missing parameters file in the working directory with the exact expected
o name: “0122_00__tube_a41d_parameters” (the script looks for a file named “_parameters”)
to le I and then re-run the PARAM_TO_AXML step [S].

# If this file should have been created earlier in the process, check the earlier stages or your
submission configuration to ensure it is generated and placed correctly.

# If you don't need this mapping step, you can skip it; otherwise, once fixed, the script will
populate metadata (like date and termination status) into the attributes XML for the run
[5].

Context

# This activity is part of the standard SCALE.model workflow, which runs jobs in stages:
Assembly, Solve, and Post-processing. PARAM_TO_AXML and FEMZIP are typical post-
processing steps [1].

You can now type ter to send, Shift+Enter for new line)

Al chat for more

questions

Close Send |




Al 7 Integration in Postprocessing

. . m MO 4 cavir
Example: report summarization 2 5
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A Reports of simulations can be very long SCALE.sdm | Ml fent v e~ | 8
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“i= Drag here to set row groups ! Y, == CRASH side - m N
p Structural Ratings > Legend . ~
A CheCk| ng a” resu ItS |S t| me Consum | ng Intrusions B-Pillar < m I 0011_YARISIIHS.MDB_________ s 60kmh_lhd_NR_-_Isdyna_5c1b 11
o
= =
star Name ¥ e [ o peis 5 Description n
2
2
¥ v IS v v v v v ||
wow e = e = B .
s oYY 0013_YARIS_IIHS_MDB. 0.34 _A m - ) . 00T1_YARIS_LIHS_MDB_____ s 60kmh_lhd_NR__-
# Yy | ODI2_YARISIHS_MDB____ 034 [o36 ] o35 = i ; sdyna_cTb 11 Marvin % N\
Implementation oo At oo SN e
p wo W DOT0_YARISIIHS_MDB____. L2k _ oo = _ mprovement n the S‘llffI'I.E.'SS fortng -Slight increase of the intrusion =
B * 0009_VARIS_IIHS_MDE B 034 _ J Em—] cross member atﬂuu.r height (PID o, e
A Automatically create conci mmar PR — . (E 7 et ol o
u 0 a Ca y C ea e CO C Se Su a y = ﬁ 0007_YARIS_IIHS_MDB 0.34 _ g panel at the top has been widened ghd -Increase of the intrusion value
T d DO06_YARIS_IIHS_MDEB. ~ 033 _ 033 e flattened. and additional spot welds| at pelvis height
* 0005 YARIS_IIHS_MDE. 034 _ were provided. - The side connectioe ~ -Similar ammount of failure and
- [ — : . plastic strain on the
- - to the rocker panel have been raised ;
i Retrive data from key results K O00AVARIS IS OB S [E _ componerts of the B pila
y @ W 0003_vARIS_IHS_MDE____.. Y3 034 03 03 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
I Create prompt for LLM Selected- 1 Total items: 26 bottom to connect this element withft. ~ ™hor an therned
. . . . he floor panel.
i Use existing observations for style and context © Atriutes % | @ Fhotos x | e videos * | @ Documents | & Channels - x , L ®0
Filt =
A Onl trel tch | summary for
FY . ~
nly most relevant changes e A
of results
: I
v v v

A Use knowledge of existing observations

SCALE=:



Al - Chat with SDM data

(:
(5}
W

Search and Data Analysis
A Navigate through all SDM data

A Specific search index for quick responses
A Visualizations of metrics of SDM data

A Access rights of users are respected

Al - Chat
A Data in search index also vectorized for RAG

A Users can use their LLMs to chat with the data
A Access rights of users are respected

A Use knowledge of existing models and observations

SCALE-:

[m] X

[ & Componentdeletions - SCALESe X =

<« G & https://demo-test.sdm.scale.eu/search/app/dashboards#/view/scale-sdm-component-search-dashboard?_g=(filters:!(),refrashinterval:(pause:it,value:0).t.

&~

Dashboards Compenent deletio . B Askquestior ctri+
Generic search terms
[ Search | pulationof Se... & ~ O &= x
¥ @ Addfilter ]
i
Rules oo Referencing pools Components &"

Welcome Marvin to the SCALE.sdm

- Modification time - Assistant!

sodyinwnice [
1 2022-10-24 18:31+02:00 I can help you analyze data, create

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

How can | help?

Was seat v123 used for EuroNCAP?

g No, the last successful Euro NCAP evaluation
used seat v105. This was done in pool -version
v345 on October 12, 2025 by Arthur Dent.

Integrated Al Chat
assistant for SDM

2022-10-24 16:28+02:00

Components per pool

2022-10-24 16:28+02:00
Tags of referencing pool version

Referencin, g trees
2022-10-24 16:28+02:00 cC oo
. veasze - | 2022-10-24 16:28+02:00
obsolete
e 2022-10-24 16:28+02:00

2022-10-24 16:28+02:00

7' e \Kkme anything...
\‘ Interactive filters

Go &

\‘ List of results
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Integrating Al services in CAE workflows

editor/tools with AI chat D
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SDM-system becomes a central hub for connecting the
simulation data and workflows with the generative Al.

Summary for
observations
of results
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Al for result processing

SCALEZZ | Z Fraunhofer @ ¢ sarecar-mL  *|550" S ———

SCAI



4 Summary & Outlook

SCALE=:



Summary, Outlook & Conclusion

Summary
A SDM provides the necessary structured data for Al workflows

A Integration of generative Al in CAE workflows
and processes throughout the entire SDM system

A SDM connects to Al infrastructure

Outlook
A Integration of RAG for documents and SDM data
S

A MCP servers for automation & advanced CAE Tool integration

Conclusions ST\ /
ANo magical 3Create my simulation| =<,/ "/
A New tools to facilitate the usage of CAE in the SDM -System

A Increased utilization of the knowledge stored in the SDM  -System
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SO LONG, ,
AND THANKS /48

FOR ALL THE FISH

m https://www.linkedin.com/company/scale __-gmbh/
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