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m Applying changes
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m Collaboration " \ N
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m Big Data / Data mining
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~ Loop of virtual Product Development

Requirements Validation

Wissensforum

/Customer validation

(Specification sheet)

—

System specification Verification

/ (Acceptance)

-

/

& feasibility

H'n Status.E

—

/ System tests

Setup of requirements

-

Verification & monitoring

Verification

ar_1d project targets, Archltec_:ture s &
milestones and & design
responsibilities

- >~

Detailed || HW/SW integratio
design || Commissioning

Detailed design & roll-out

CAD / DMU Implementation

LoCo

Setup of simulation models
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~ Loop of virtual Product Development Wissensforum

What’s most

' 2
What are the Important to look at”
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Simulation Data Management Wissensforum

general setup
P D M m PDM used as data source

m all data comes from PDM

- m all work results go to PDM

m SDM used for virtual product
development

m Interactive collaboration
(including internal and external team members)
_—

@ m All data always at hand for
Doci , f&mulaﬂon every team member in real time
esigner i =
EZ <;//> == <:’/,> D ® No files, no file system
[ : s~ " CAD and CAE directly integrated
% S'mtu'a“?” m Tight integration of common tools
* N (external) (CATIA, ANSA, HW, Animator, META, LSPP, ...)

Slmulat|on

0t
- ’193‘“

Designer

SDM-Server

el a3 — 3
Designer

(external) _— _—

Designer Planning

Testmg
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~ Simulation Data Management Wissensforum

ImpOrt and WOI’k Wlth CAD Data product structure from PDM

P

CAD System (e.g. CATIA V5)
N |mp0rt from =2
PDM system (interface)

m Bodyl8 *  AUS16

<

“> AUS16_1xx_B_PF_C_US_.. ¥ ] 4KE_809_055 Z:SAEULE A..

> H§ AUS16 ¥ () 107 [ B-Frei Stand

m Integrate

PDM System

v [ 4KE_809.039 G:SEITENTEIL,INNE

connection elements

pd Eigenschaften  History  Jobs
I

| App'y changes b B 4KE_809_045 G:SEITENWANPRAHMEN HINTEN INNEN 47
. v P 4KE_809_201 G:SAEULE AAUSSEN 53
m  Version control
~ P9 4KE_809_055 Z:SAEYLE A UNTAUSS 47
] No files 4KE_809_293_A G:SCHARNIERVERSTAERK SAEULE A OBEN LI,
i B9 4KE_810_209 G:SCHARNIERVERSTAERK UNTEN LINKS 28
no file system .
y P 4KE_809_109 G:VERSTEIFUNGSTEIL CAD parts short description ...
no up- and downloading v P 4KE_809_377 G:SCHWELLER VERSTAERKUN : - €12 et
. =4KE_809_739___G01.TM__ 021/ VERSTAERKUNG_INNEN 9 00 B .
Connection elements _ ® 9 Attributes chansed
= 4KE_809_067 PCA_TM__009 VERST_SCHWELLER_VORNE 11 ) )
m  Variant trol © 8 deleced WOrking with
= 4KE_810_269 GO1_TM__016 STEGT_SCHWELLER_VORNE 30
ariant contro Ll 07 ssoer CADdata CAD System (eg. catiavs)
(which parts are used for @ 4KE_809_377__0210_A13_0005_L 31 - o R : 2
what product variants) @ 4KE_809_377\__0210_At4_0053_L . e ) o S
<]
~ 1 4KE_810_199 G:SCPNJESSTEIL SAEULE B 25 © 4 .
o
B9 4KE_810_121 G:SCNJESSTEIL SAEULE B 24 s
)]
» B Bibliotheken 25 - @2 &
L
u
Kl
-
L
-
b
.

2
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~ Simulation Data Management
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meshing and modelling

m Directly on imported
CAD data

m Process

m CAD Data opened in
meshing tools

m Collaborative working
(multiple users)

m Several solver
representations for the
same meshed data

m Mesh directly integrated
with simulation models.

product structure from

PDM / CAD-System

create multiple solver

representations
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O Anmeldung X A1 Body in White
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Browser @ X

&= Bodyinwhite » 93 body_in_white

Pool-Version P VO v

m ® 71 Testversion fir LOCO-5825 A

70 Different Connections for NVH and
Crash

' @ 69 Eigenschaften der VBT
@ 68 Anderungen an Spotweld Erzeugung
@ 67 RunConfig dndern, erste ROC erzeugt

@ 66 Change discipline

Komponenten

v ™ body_in_white PIDO
b P body_side_left PID1009
» ™ body side_right PID1008
v ™ body_under PID1003
» @ front_floor PID1005
» ™ front_section PID1004

rear_floor. PID1006

L~ v B3 roof PID1007

207@_lsdyna_CRASH

b > BB7@_lsdyna_NVH

= @BT@_pamcrash_CRASH

LoCoX
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Historie
Compo...-127)
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[ i
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_ ANSA v18.1.0 64-bit (/tmp/tmpN5x3dN/cms. front.
=0
File Tools Utilities Lists Assembly Plugins Windows Help [9
5 tr Datab: = Rl 15
“ERE BEED Q9 B AE> :
S AL Number f 0161_SddsbeZa.key, Current Part: Slave tied Modules Buttons &)
- ANSAPART 19 R K =
S ... EDGE Hot Points» Info =
= ] ELEMENT 29157 [ Insert l Project IPararnetri(.]
5t [+ GEOMETRY 3 | Delete |Mult.Proje. | Intersect |
i GRID 29765 Release | Weld Spot

S5 ta [+ MATERIAL 19
PROPERTY 27
55 ta \- SET 60

open data directly for

meshing

END OF FILE

| | Raading fie: impra]: - T <ie
) g —_— |- Em
60440 lines read. | ||: *-* ENT PID %C@" 7/ + - =2

CONS Info
| Paste | Release » | Fill Hole |
[Open Holel Project I Break ]

Info
| Delete | Undelete
| SetPiD | Topo

Facesw

[ cut |
[ New ]
|_Proj.Cut |Mid.Surf.» | Rm.Log. » |
|_Fuse » | Flange * | Rm.Dbl * |
J
}

|Plane Cu.» | Offset » | Freeze/Un
| Zone Cut | Convert | Dach *»
| Intersect | Extend » | Orient »

Modify
Surfacesr Info
| Coons | At | Extend |
[ Volume » | Extrude » | Break | 5|
Options List 3]
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Simulation Data Management " Wissensforum

collaborate and track changes

m Multitude of

Product variants

®m Users and sites
m Projects sharing data
®m Simulation results!

m Version control is the key!
m Each object is versioned

m Every change is tracked

and documented S Every change and
every usage of data

is documented

m The complete audit trail
of all data is preserved

m  Synchronization

Simulation Runs

scripts Modules ™"
Meshes Prarameters

m Data is automatically
synchronized between
all users

No file handling

ssssssssss
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Simulation Data Management

Wissensforum

document changes

m Documentation

m Users describe each change

m  Pictures and other
documents can be attached

m Whatis missing for
Machine Learning?
m Classification of the change

® Intention and reason
of the change

m Rating of the effectiveness
of the change
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O anmeldung X A1 Body in White

{ » » BEeBodyinwhite *» H§ body_in_white

Browser

Pocl-Version LoV

m @ 71 Testversion fir LOCO-5825

70 Different Connections for NVH and
Crash

@ 69 Eigenschaften der VBT

CAD data

®@ 66 Change discipline

& 70 [Different Connections for NV... “=» 0070_lsdyna_CRASH

b3
!

mesh data

Poo-Version
Figentiimer
Anderungsda...

FileType

Komponenten

~ B body_in_white PIDO

» B front_section,

42

Compo...-127) v

Change discipline
Disziplinen anpassen
1.849

Removed SolverType

document every

change in a
SCHARNIERVERSTI VPSRN POl h|st0ry
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Liufe
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b = R@70_lsdyna_MNVH

= @@70_pamcrash_CRASH

compare CAD

and mesh data

Hot Pointse Info
| Insert | Project |Parametric.|
[ Delete |Mult.Proje. | Intersect |

Release | Weld Spot
CONS Info

[ Paste | Release » | Fill Hole |
[Open Hole | Project | Break |

Facesw Info

Cut | Delete | Undelete |

New | SetPID | Topo || |
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(

[ Proj.Ccut_|Mid.Surf.» [ Rm.Log. * |
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[
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Zone Cut | Convert | Dach » |
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~ Simulation Data Management Wissensforum

job submit and solving

HPC

m Data handling and HPC process completely automatic

B One change is easily applied to multiple simulations b

Solving

® Many jobs can be submitted at once!
(LS-DYNA, PAMCRASH, Abaqus, Nastran, ...)

b CAD

—

SDM - Client

~ LEGO

data reduction
(FEMZIP)

w = Q173__ FEM_scale car__ w_ 17kmh_© deg 25 lsdyna_1lmm

= @173___FEM_scale_car___w__17kmh_&_deg_25_lsdyna_lmm

SDM-Server

= @173__ FEM_scale_car w__17kmh_@_deg_25_1sdyna_1lmm

@173___FEM_scale_car___w__17kmh_@_deg_25_pamcrash_1imm
TR start job
Remote aufbauen

Anrechnen
0183__FEM _scale_car_C_w__17kmh_0_deg_25_Isdyna_Tmm _
Found job_id b'5' for job in jo...g_25_lsdyna_1mm.20191106-105931

Post-Processing
(GECO) — Photo / Video / Channels / KeyResults

- — o
Solving: 0.47196ms of 5.0ms computed /
Preparation _ e
im)
Preparation finished.
Solving .
im)

(euuny) 9JINIBSWO0I-DdH

0183__ FEM_scale_car_H_w__17kmh_0_deg_25_Isdyna_1mm _

elep 1 nsal 2101s

0.47196ms of 5.0ms computed
Postprocessing \fr .
unknown monitor
progress
'SPONSORED BY THE
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~ Simulation Data Management

Wissensforum

result assessment

Browse results of large amounts
of simulation and test data

Search, group and filter
Highlighting of critical KPIs

Access all related simulation data
(reports, movies, pictures, channels, solver result files)

What is missing for
Machine Learning (ML)?

m  Autom. detection of unexpected
behavior

Tracking of certain behavior

Link between certain behavior
and applied changes

SCALE_:

B Front Report

Quict | W | =ll= | Alles ~ | @

KPI (key performance indices)
that violate limits are
highlighted

(B AU S ST PV R ] ]
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Overview Key Results

Table 1. Structural Key Results

Simulation #1

Simulation #2

Simulation #3

Versuch #1

OLC Middle
50.2
50.2
512

50.2

Table 2: Occupant Safety Co Driver Dummy |

KOPF

- hicl5s [1]

- a3ms [g]

- ares [g]
THORAX

- shid [kN]
- trril [mm)
- trri2 [mm]
« trri3 [mm]

Wert Ratin

Overview Key Results

Federal Ministry
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~ Simulation Data Management Wissensforum

but what about unexpected behavior?
P HPC
e oy morttored
are automatically monitored

. : hd
m Data is extracted during
postprocessing on HPC

Solving

m  Only fixed limits are used (LS-DYNA, PAMCRASH, Abaqus, Nastran, ...)

for monitoring

m What would be needed to _T.
detect unexpected behavior? SO e

m  Outlier analysis for KPIs

data reduction
(FEMZIP)

SDM-Server

m Detection of unseen behavior on geometry
(needs an database of result data that can be used for autom.
searching and analyzing of similar behavior on a large set of
simulations)

Post-Processing
(GECO) — Photo/ Video / Channels / KPIs /...

(euuny) 9JINIBSWO0I-DdH

m How to integrate in process?

elep 1|nsai ai01s

sssssssssssss

icati i ' i i ' B | ciociion
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Machine Learning Wissensforum

differences between Al and machine learning

m Al Artificial Intelligence

m ... the term "artificial intelligence" is often used to describe machines
(or computers) that mimic "cognitive" functions that humans associate
with the human mind ...".

tis written j inP
ython,
it's probably machine Iearnmg

m Strong Al vs. weak Al If it is written in PowerPoint
J it's probably Al :
Strong Al: attainment of cognitive abilities
Weak Al: focused on narrow tasks

ssssssssssssss
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Machine Learning Wissensforum

so what is machine learning?

m Different mathematical methods to solve weak Al problems
m Learning from collected/existing data

n SuperVised Ieal‘ning: (supervised, semi-supervised, reinforcement, active)

Pairs of input data and their results are provided 00

Algorithm can deliver prognoses based on that
® oo
~1.00 e o° o

m Unsupervised learning:

. ~1.01 re

Autonomous data arrangement and clustering o o,

. . pe . . ® .. ® ’..
Data simplification before learning 102 o © ® ° ¢
(e.g. Main components analysis) .x oo Voo

)
-1.03 o f o .
-10 -5 0 5 10

S CA L L d Application of Machine Learning Techniques through Simulation Data Management (SDM) ® F‘Ei”fhw



Machine Learning Wissensforum

example: geometry recognition

input mip (64,64) T mip (64,128, 1024)

transform transform B
x
x

shared

max mlp 'i
pool (512,256,k)

1024

global feature
Ek s
output scores ’/"’:
H B-pillar

input points

geom. data point cloud
m Big Data: Provision, conversion and evaluation of countless components
from SDM-System
B Deep Learning: Different neural networks with many ,hidden” layers are
combined and trained
m Artificial Intelligence: ability to detect components was reproduced (weak Al)

S CA L L d Application of Machine Learning Techniques through Simulation Data Management (SDM) ® F‘Eilvhw



Machine Learning Wissensforum

example: geometry recognition
B 5367 versions of bOdy In white includes (2011-2018 extracted from LoCo)

m ~1TB PAM-CRASH includes of the same body in white

m ~580 individual parts in total ~5000 different versions

Accuracy vs Epochs Loss vs Epochs

1.0

37 —— Train
—— Test

0.8 1

0.6 1

m Next Steps
m Identify parts across multiple
0.21 1 different vehicles
0 : : : m Identify a part group structure

0.0 T T T T T T : y !
0 50 100 150 200 250 0 50 100 150 200 250

Epochs

m ~561 von 580 Parts were identified correctly

Epochs

ssssssssssssss

ﬂ% Federal Ministry
> | of Education

S CA L L d Application of Machine Learning Techniques through Simulation Data Management (SDM) ot Eheston:



~ Machine Learning Wissensforum

example: autom. spotweld design

geometric
distribution

< - 4 4 -
3
= 4 4 4 4
8. 4 4 4 D\
o
. E_ -+ 4 4 *
connection .
€ 4 4 4 4 1)
meta data o e
[} ()
meta data - process y o 4 4 < - ©
- material - parameters £ weight 4 4 4 4 %
- weight 4 L material - 4 4 - b
- 4 4 4 o
m - c
0 @)
o - 4 4 4 S
= ) (&)
) - 4 4 v o5
Q c
meta data o 4 4 4 4 S
- material Q‘ 2 J 2 2 o
- weight €
- 8 - 4 & 4
o
: 4 4
weight - »
material - -’ - -
4 4 4 4

m Extract training data from existing FEM data

m Estimation for initial spot weld layout
with NeuralNet

geometric
properties

S CA L E JI Application of Machine Learning Technigues through Simulation Data Management (SDM) B | i
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~ Machine Learning

example: autom. spotweld design
m Extract data from SDM — System
m Train neural network

m Apply neural network on newly generated

data in SDM —-System

FEM data

.. . ,':?D\
from existing projects 7o \\
in SDM-System Input OHEL ~ T\
—> 00
CX:: 5 -.\_\O/"'/
N\
hod

geometry, spot weld designs Neuronal Network

CAD

SCALE_:

Wissensforum

CAD - System

(e.g. CATIA)

visualization of

combination of parts _
generated connections

«—

request generation

of spot weld design
&
. Material A, B =
Trained.Net thicknessA B | o knowledge I
- T ®
Training autom. generation database 7
of spot weld design ' =S
«— 2
connection b3
parameters o
L
£

%
So, O,
Of e/};..
d@%
7
spot weld data
FEM

implementation
of spot weld

<€

Application of Machine Learning Techniques through Simulation Data Management (SDM)
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how to access data of many, many, many simulations

m All simulation results are

accessible in SDM-System

m KPIs of all simulations can be

browsed, filtered, searched,
grouped, ...

m  Statistics can be performed on

existing simulation results

m Big amounts of data can be
analyzed

browse, sort, filter

KPIs of all simu-
lations and tests

create models
analyze trends

SCALE_:
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Conclusions Wissensforum

m SDM Systems are the basis for ML because...
m many CAE tasks can be automated

m data from different users, disciplines, product variants are centrally located and stored
m dataset can be related to each other

m Challenges to implement ML based assistants in SDM systems
m Capturing the relationship between data
m Gathering the relevant data from the user

m Prospects
m ML (weak Al) will help to further automate tasks in SDM systems
m Discovery of relevant data and trends

m Without structured and related data there will be no ML
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