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Introduction: Simulation Data Management

] SCALE.SDM
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Introduction: Master Complexity of Version Management in SDM by Al-Driven Assistance

Challenge of Complexity
= Countless CAE model iterations

Simulation-based design generates numerous CAE model iterations,
each with subtle yet critical differences.

= Collaboration between numerous users

Coordinating multiple simulation versions across distributed engineering teams

Al-Driven Assistance
= Streamlining change documentation

Leveraging Al streamlines change tracking and automates the documentation process

= Redefining discoverability

Transforms complex version data into actionable insights

Transforming SDM

= Improved collaboration

Integration of these technologies paves the way for
more agile and efficient CAE model evolution
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Overview of CAE Model Evolution in SDM

Virtual Product Development

1. Choose a base Version

— Think of changes to
improve the behavior

2. Apply the changes
— Run the simulations

3. Evaluate the results
— Chose the best

4. Start over with 1.

Repeat until you are satisfied

s ) SCALEZ]

IT-Solutions for CAE

Base version

Simulation

Continue with version

Discard version

e Continue with next improvement

Verify improvement

4

New version

\

Run simulation again
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Overview of CAE Model Evolution in SDM

Virtual Product Development
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Overview of CAE Model Evolution in SDM

Virtual Product Development
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Overview of CAE Model Evolution in SDM

Virtual Product Development
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Robust Version Management

Why?

Capture and document every state of the design process

Timestamps, authorship, change comments, documentation ...

Enable discoverability

Timestamps, authorship, change comments, documentation ...

Facilitating comparison and merge operation

Even in large iterative revision cycles

Prevent errors and rework
By creating transparency and maintaining a reliable rollback mechanism

Versions for everything

9

Each component

Solver includes, preprocessor files, materials, control cards, configurations, ...

Parameters
Design parameters, solver and HPC parameters, ...

Processes & scripts

Preprocessing, postprocessing, check scripts, HPC and job submission, ...

The whole project

One version for the whole simulation input data

SCALE=

IT-Solutions for CAE

Browser o x

Pool version: 1 v EHP YV

© 17 roof rail internal (PID 2111) increased from 2.252 to 3 mm to increase stiffn...

@ 16 sheet thickness of rocker panel (PID 2113) increased from 1.43 to 2.0mm v
- checking the effect of stiffening the rocker panel for distributing the loads
away from the middle flor cross member
- this change will increase the mass so it is only for checking the effects

© 15 Thickness of b-pillar inner panel (PID:2034) increased from 0.99 to 1.5 <

e © 14 I floor cross member further strengthened (PID 2075) <

@ 13 increased thickness of roof to b-pillar connection member (PID 2188) <

@ 11 | improvement in the stiffness for the cross member at floor height (PID 2... <

@ 10 Changed thickness on the roof rail of the B-pillar from 1.06 to 1.5 <

4 - @ 12 [ improve stiffness of roof cross member (PID 2047) to optimize load distri... <
L Al . 4

© 9 (part 2075 may not be able to be manufactured) Creation of beads on the v
sides of PID 2075
-Two symmetrical beads of Smm of depth at the sides of the element have
been created on the cross member at the floor level
-The change was created in order to increase the stiffness of this component
against the side crash test

ol 4 @© 8 Creation of bead on the upper part of PID 2075 <
V= @ 7 Foldings added to cross member element at floor level <
© 6 changed thickness of middle flor cross member from 1.435 to 2.0 W

- the change is made just to test how strengthening the middle flor cross

member may effect the intrustions
- it is expected that the intrusions in the lower part decrease and that there is
less failur in this part

- © 5 Increased depth of the 4 beads on the B-pillar inner panel by 2mm <
‘ @ 4 Increased lower B-pillar part's thickness from 1.19 mm to 1.4 mm <
”'” © 3 the upper part of the b-pillar is moved outwards 2mm v
- -the start of the b-pillar at the top moves towards the exterior 2mm
-the top part of the b-pillar part 2115 is pulled out
- "- © 2 [ the upper end of the bead of the b-pilar is moved 70mm <
O~ @1 reference version for SAFECAR-ML ¢
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Ul Elements for Version Control in SDM

Rail Graph
= Navigation

Always aware of version context

= Quick insights

Shows versions of selected data instantly

History Graph
= Big picture

Tailored for the navigation of many versions

= Detailed insights

For each selected version

= Summary of changes
Additional ...

Compare & Merge
= Understand differences
= Merge changes of different branches

SCALE=

IT-Solutions for CAE
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History graph }\

aview

Preview image

5]

% Yaris (2800) X

< >

Browser

» B SAFECAR-ML

Pool version: 8 Y,
-~

.a'-cf @9

. SAFECAR-ML(8) X

» q‘.] Yaris

S @ 10 Changed thickness on thq Rail Graph
(part 2075 may not be ab version h/StOI’y Of

SAFECAR-ML (8) | LoCo - SCALE.model |

M Admin X <& Apps(471) X

’ DVe

» © 8 [Creation of bead on the upper part ...

e —
History o x

[P ER OIS

© 16 German: Increase Thicknes...

o x

7 CHAR biw. subsyst...sa (Body in White) ~

@ 15 floor cross member further...

. selected object Siiart Descri
— &4 ©8 Ccreationofbeadon the Ci 14 © Update 137_floorxmem...
z g i J |
-A bead of 5mm of depth N Combination: 28]
e T ombination: (empty)(28) .T ®@ 13 Updated 91_roofxmember... <
cross member at the floor ! © £ AirFilter air_filter ey
level = | ©@ 12 improve stiffness of roof cr...
L The change was ! ©@ = Hatch Ansa_subsy:
I-4 @ 7 Foldings added to crossm... < b © £ Wheel front_left A-f © 11 Improvement in the stiffne... <
- ! © = Hatch hatch =
e 9 _6__chanaed thickness of midd... < ! @ = Pedalry pedalry o=@ (© 10 Creation of beads on the si... <
Groups (Vehicle/Exterior) ; ® = Hood hood S
ibrari r © 9 Changed thickness on ther... <
> B Libraries ‘ ! © = Suspension steering_gea ’
> B3 Master = e
! © = WaterTank water_tank U= © 8 Foldings added to cross me... <
> B3 Tools °
! £ Suspension  steering_gea
v B vehicle - - © 7 Creation of bead on th
! © = Radiator radiator featinovheacon e
[ DECOMP_TIMEINGS ”a upper part of PID 2075
B Dyna fake run options ! ° engine -A bead of 5mm of depth
¥ I has been created on the
> B Exterior - Ansasubsy cross member at the floor
> B Interior ! (V] Ansa_subsys| level
> B2 Mass \ © fse box -The change was introduced
~ @ 6 changed thickness of middl... <
) ! © fender
Runs (pool version: 8) &8 ¥ Vv
« P Collections /' Combination: biw (5) © 5 Increased depth of the 4 be...
v SAFECAR-ML 1 & = BodyinW.. NVH 5 I
= : 4 Increased lower B-pillar par...
> => 0008_YARTS_ITHS_MDB s_60kmh_lhd_| | ' © = BodyinW.. CRASH prlare
. ! = inW... IVH
> > ©008_YARIS_USNCAP_RW f_56kmh_lhd_| © = Bodyin N @ 3 theupper part of the bipill..
> Assembled runs ! subsystem
> Configured runs ! / = BodyinW... CRASH @ 2 the upper engAf the bead ...

selected object i

N e B 4
+ 4 =

CRASH_  CRASH (local copy) £

Properties

@ biw,

subsyste@007_f8098f95.ansa

Search |

FBaEE=00 OF R

Vv g8 Attributes 1

v Association Row 1 (4)
Discipline CRASH,PEDE...
FileType ansa

[deprecated] Hand D...  |hd

Reduction biw,tb
> < Dependencies (6)
v ® Basic Information (15)
UuID f8098f95-8a...
Version 7
Initial pool version 8

Date Created 2/11/25, 2:29...

Date Modified 2/21/25, 9:24...

> Owner Tony Stark (2)
Team Status public
R salaaiad

Details of version | Details of object |

XK
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3D Previews for Rapid Visualization of Changes

3D Previews
= Provide immediate visual context

Instantly reveals model state for quick visual assessment

= Faster orientation in SDM

Speeds up navigation within the SDM environment

= Understand changes
= |nteractive 3D navigation

Enables dynamic rotation, zoom, and geometry exploration

Features
= Auto-generated after each change

Previews are created with every modification of a solver file

= Interactive visualization compare of changes
Visually highlights modifications between versions for rapid understanding of changes

— Changes made to the currently selected file

— Differences between files
highlighting the changes made for each of the compared files

= Creation of static images

Generates snapshots for documentation and sharing

12) SCALE=
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Preview (From History)

© 189

4 © 188

©193 4 "
© 192
@ 191

o | @190 B

"

\‘ remeshed part

adjusted front member on right side
adjusted front member

fixed bad elements

DEMO change
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Al and Simulation Data Management

Learn from Simulation Results

N e FPPU
= Data Analysis T
= Event Detection N
= Time series classification Data Analysis Event Detection Time Series Classification
‘ Neural Network based ~ Automatic detection of Labeling / Error Detection
= Data-driven Reduced Order Models (ROMs), Regression Models unseen behavior
Physics-Informed Neural Networks (PINNSs)
Discovering and Creating Simulation-related Content in the SDM System @ © D Guwnome <+ - 0 x
O Ifl https://www.scale.eu/sd... bird {3 {% ﬂ
= Chat assistant for talking with the documentation ‘
= System for assisting the creation of change documentation g
Al Assistant for SCALE.sdm Manual
u |ntegrations in CAE preproceSSing tOOIS Do not share confidential data, as your questions are sent to OpenAl's external
'SI":::rilassistanl can make mistakes. Always vernify critical information with the
= Qutlook: Search and summarization on the data stored in the SDM system
Outlook: Perform complex tasks in the SDM system S

= LLM based automatization beyond classical approaches

13 S G A L L_I.l ﬁf#vﬁf;f?N AFEMS
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Al-Driven Assistance for Change Documentation

The PrObIem History O X [ Preview (From History) B
biw subsyste0...ansa (Body in White) ~ MY =
= Writing change documentation is boring o I = T chsoiers 1B °a
,,Dqkumehtatlon Ist Wl_e eine Krawatte - ) ’ . 4 28 remove hole from part, as it is not. <
sie ist optional, aber sie rundet das Gesamtbild ab.” L,
. . 4 27 increase thickness of PID2045 nad. <
= Consequence: bad change documentation |
Discoverability is sacrificed, loss of knowledge | © 26 move hole in b pillar due to chang... -
= Good change documentation is key L ya tr
UnderStandmg mOdel evolutlon, dISCOVGI’y, collaboratlon, \ © 24 Bracket in lower b-pillar extended ... < Properties (From History) O X
i biw subsyste@025_5f968018.ansa
a © 23 Changed material of roof membe...
| Search |
© 22 Changed material of roof membe... - e
Goals & CEERe060FE
-_n . . @ 21 Changed material of roof membe... ’ v [ Changes ' @
= Facilitate change documentation T ———
Make it effortless, enhance the motivation for the engineer © 20 Increase width lower outer b-pilla... : zls(feg::trifcf::ssss;nemberﬂ’lo 2075) from pool version
. . - geometry changes applied in the pids for part
m Augment Cha nge docu mentatlon \ © 19 sheet thickness of rocker panel (P.. < 197 Hanrn b i
By using automatically extracted details . R T T —
Remarks (0)
= Al that understands the nature of changes © 17 roof ralinternal (PID 2111) increa.. i e e
Get change description even for geometry updates Please provide a name for this measure.
©@ 16 German: Increase Thickness of B-... < )
> EJ Snippets 4)
r = ©@ 15 floor cross member further stren... < V' [ Checks m

1) SCALEZS | Z Fraunhofer | ¢ saFEcar-ML | #|%5
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Pipeline for Al Comment Generation

Preview (From History)

Problem
Revealed by simulation

g SR PR T 3 )
| I O B O ERTCRT

Changes
Applied in CAE preprocessor

i N O -~
Heo: EEESE-

M Od e I Ci biu subsyste0@14_95816cle.ansa
Compare = |

Preview (From History)

OB MBE=O00 OPFR
Automatic change T eenanges @
v:\ eXt ra Ct| on add stiffnes against buckling

Properties (From History)

Augmented change Cbin

B \‘ Simple comment
subsyste@d14_95816¢cle.ansa o—’&‘—o ¥
documentation Search > o '
Enhance® : T — User is prompted for change
. v Cchanges _ documentation but only provides a
Update 137_f|00rxmembermldd|eL add stffnes against buckling S|mp|e comment for context

stiffness

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

Prompt for LLM
Generated from

= Modelcompare Output

« Updated geometry details in the pids = Context provided by user

? E{und_esministerium AVAVAVAVAY
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SAFECAR-ML Research Dataset & Vision

SAFECAR-ML

Goals
= Dataset for LLM fine tuning

Modal model that uses geometry and produces text

= 100+ well documented changes

— Carefully written change comments | : -
— Additional documents e.g. images for each change | — -

— Simulation results with summary of observations (&= - —

= Dataset will be made ] .
publicly available YRR,
For research and noncommercial use

= Development of LLM models for automatic
creation of semantic descriptions of changes

? E{und_esministerium AVAVAVAVAY
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Outlook & Conclusion

. . O @ O a4 cavir x |+ - O *
= Create automatic summaries for results
<~ G & https://demo.sdm.scale.eu/cavit/dashboard * {3 ‘E:E o o
— Retrieve data from key results SCALE.sdm B8 Resut v e Bl =
B Grid W | B Repott x [T
- Create prompt tO the LLM tO ma ke a "I Drag here to set row groups 44 Y, =l CRASH side - m -
. . . Structural Ratings > Legend . -
— Use existing observations for style and context intrusions B-pilar < } B 0011_VARIS IIHS_MDB s_60kmh_Ihd_NR_-_lsdyna_5ctb 11
star Name ¥ & R 5 Description A
= Research thinking models for making L] N P P 2 P o
. s Yy | OOD13VARISIHS.MDB___ 034 _ m] ] - ) . 00T1_YARIS_IHS_MDB_______ s 60kmh_Ilhd_NR__-
recommendations on further changes ot oewaswonos  CEREN s [Sssii] : | ] e 1 ven g )
0011_YARIS_IIHS_MDE_____. nm _ T . ! History Comm.en‘t . Observation
— Integrate all change comments and observations w kovovaus ko wos . [ oc  [GSSENNNIGSEINN et e S o N stpptincrense o heintusion <
. % | O00S_YARIS_IHS_MDB____. 034 o3 03 ,, ===l cross member atfloor height ( values at head, thorax and
in RAG SyStem ?v  0ODE_YARISIHS_MDB___.. 034 foss  oss | = 2075) .- The connection o the rockll  zpgomen height.
s Ty 0007_YARIS_IIHS_MDB____ 034 _ g panel at the top has been widened ahd -\ncreaée Of, the intrusion value
W Yy  DODG_YARIS_IHS_MDB____.. 033 [oss o ’ flattened. and additional spot welds| at pelvis haight )
* 0005, VARIS. IIHS. MDB 034 _ were provided. - The side connectiofls -Sllmwlarammoun‘thcffallure and
. . 5 Blin=t — : . plastic strain on the
. * 0004_YVARIS_IIHS_MDB______ 034 _ 035 to the rocker panel have been raised N T
Au to ma tl Za tl on ii ¥ o003 vamisins_wmoe__ . [P 0.3 ‘036 036 7 and provided wiih . spot welds. - Spt_siight worsening of the failure
) 4 b | { O L4 welds have also been added at the and plastic strain on the cross .
- Create MCP server fOI’ ConneCtI ng LLMS Selected: 1 Total items: 26 bottom to connect this element witht mamhar an tha e
— : he floor panel. @ a
. Enable I_I_M tOO| use for SearCh, retrleval and O Attributes © Photos X | WM Videos & Documents k2 Channels v x |

Summary for
observations
of results

Filter

automatization beyond classical approaches

Head

Thorax

Abdomen

Pelvis

Conclusion:

= LLM based Al will provide new tools to . .
facilitate the usage of SDM-System and

leverage an increased utilization of the

knowledge stored in the SDM-System
17 SCALE= ﬁ#'f;f;f?N AFEMS
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