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- SCALE.model (Loco)

i SCALE.model
LoCo

Requirements Modelling Solving Results Monitoring

Yy Simulation Data -/ Variant Management
Y Workbench for Simulation Engineers
Y Unique RichClient/Offline -concept with sync -mechanism

(internal/external)

Kurzbeschreibung
Anderungsdatum

Disziplin

Workflows / Features
Integration of arbitrary CAE processes

Solver independent: PAM -Crash, LSDYNA®, Nastran, Abaqus,
v

Job submit and monitoring

CRASH 0 FRONT

CRASH.05_FRONT

Optimization, robustness, DOE, Y

b o=

Quiality checks of models

> 0932 YARIS_FATIGUE

5 0932 YARIS_FHVSS_K_

SRS

Advanced security features

=+ D932_YVARIS_IIHS_S0L

Two factor authentication

Encryption

Sophisticated roles and rights management

V' Distributed, collaborative work environment
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Results Monitoring

Yy Post Data Management

y
y

provision of outcome data from simulationand  experiment
(fetching of simulation and test data from various sources)

Comparison and visualization of simulation and experiments

Y Features

y

y
y
y

Assessment of simulation and experimental results
(scenario based)

Easy integration of any application and processes
(Addonsfor e.g. Animator, Falcon,..)

Automatic report generation
(Animator, PPTX, just in time withinWeblnterface)

Easy to accessWeblnterface
(e.g. hosted at Amazon Web Services, or in house on premiye
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Teaser by €€z and ADAC

;_qhat \/}/__ill happen?

We should be able to
predict this with ~ LS-DYNA®!
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https://youtu.be/LyJ5B---Zdo

_ 1stattempts to set up a virtual LEGO  ® Model

Prototype . CAD

Physical Build

Real World Model

Y Ldraw.org
y
Y OMR:
Y LeoCAD:
Yy LDCad:

y
y
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http://www.ldraw.org/
http://omr.ldraw.org/
https://www.leocad.org/
http://www.melkert.net/LDCad
https://www.bricklink.com/
https://www.mecabricks.com/

- Working with CAD data in LoCo ®

Y LDraw models imported into LoCo
Y One file per part (brick)

Yy CAD can be opened directly for
assemblies

Y Changes are saved automatically
and synced to all team members

Product structure rebuild from LDrawmodel

Version control for project

One file per part/ brick

=111
Browser

Pool-Version

alsgy

fire

Solverkardfn far Kontakte ubernomen

Anpassung einiger Steine im CAD Modell
process all Idfr files in the assembly folder with user ... <
weiter mit skripten zum Erzeugen der Lego Modell..
versuch den Prozess wie aus LEGO Modellen DYNA ...
Verbesserung skripte

Testversian

» Plbody » Plplatform  »

A loc
Attribute Historie
Komponente: pl...08.Idr (brick)

10 Attributes changed.

Lo}

@

Br Is prepost

Version control for
selected part group

session file for A4 and cfile for Ispp to change .. DEMO fur Fabian

Komponententyp
Kurzbeschreibung
PartNumber

Anderungsdatum

Attributes changed.

o e @

gedreht (test)

platform_26 CAD,LEGO

o]

viele Aenderungen

platform_27f 3004  CAD,LEGO

@

testfsad

platform (7 3005 CAD,LEGO

Lo}

Gesamtes Fahrzeug verschoben

brick  platform 05| 2005

Kompenenten
- B car
~ B exterior
» B9 attatchments
~ B3 body
platform
B roof
- B chassis
B3 wheels
B engine

» B3 interior

platfor

Favorites

History

Render time: (rel) grid position

5 ms (~223 fps) 0;-128; 410

Opening and working with CAD

assemblies from within LoCo

SCALE—I [1] C.Knehler, M. Thiele, D. Matthus , P. FrRreodsrpieccht,s »f integrating CAD and CAE rDWﬂ'on
- | NAFEMS European Conference Simulation Process and Data Management (SPDM), 28 -29 November 2018, Munich, Germany MORE



Organizing the Meshing of CAD data with LoCo

< > » Bieco

3 EE locox_crush_the_brix 1] 379 [RunConfigs 4 car2car] |2

Browser

Pool-Version

Attribute

m Libraries

|2 E Bricks

bresentation

+ B 517 Merge] »

LEGO_  LEGO (local copy) (Locox)_ »
Historie

Eingehangene...sion: Bricks

517 Merge

E 516 Fix for Brick #85984

@ 515 #4733

derungsdatum

@ 514 Attributes changed.

versions of brick library
or individual meshes

ANSA v18.1.0 64-bit (/tmp/tmpOPhbzn/Technic_Bush_with_Two_Flanges. 3713 1mmHEXAO2_.ansa) - + X
File Tools Utilities Lists Assembly Plugins Windows Help I LF v |
e = B e - ~ &
e = @RE> BEERE> @ 96 @E \NF> DS
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ANSAPART 1 o
. EDGE Hot Points» Info =
|¥| & ELEMENT 260 | _Insert | Project |Parametric.
[ E GEOMETRY 9 | Delete |Mult.Proje. | Intersect |
[] - GRID 520 * Release | weld Spot
@ MATERIAL 1
. SOLIDFACET Paste Release » | Fill Hole
W - VOLUME 17 [Open Hole | Project | Break |
Faces» Info
| Cut | Delete | Undelete |
New Set PID

a o
2 |5
5§ | 2
I3
~ [ Libraries c ] & g
: g ¥ g &
+ B3 Barriers g H H .E
£ o E [
~ B Bricks 2 ] = =
Bricks (517 - Bricks)
By Bricks4lmport base Technic_Bus ‘ 3713 CAD 00_import
Br\prawparts ‘| base Technic_Bus | 3713 CAD 00_import
E P
= ItiStageAssembly base Technic_Bus | 3713 CAD 00_import
P
+ B Material base Technic_Bus ‘ 3713 CAD  01_cleanup
+ B Road base Technic_Bus ‘ 3713 imm CAD 01_cleanup
b+ B3 Master
a A q mm  CAD 01_cleanup
T brick library mounted to project
mm  CAD 01_cleanup
» Boar base Technic_Bus ‘ 3713 1mm MESH 02_mesh
B leagelcode base Technic_Bus ‘ 3713 imm MESH 02_mesh
base Technic_Bus ‘ 3713 Isdyna 1mm LEGO  03_solverfil
_ base Technic_Bus \ 3713 Isdyna 1mm LEGO 03_solverfil

/

Various representations of CAD

geometry and meshed bricks

Proj.Cut |Mid.Surf.» [ Rm.Log. »
| Fuse » | Flange » | Rm.Dbl * |

|Plane Cu.» | Offset » | Freeze/un |

| Zone Cut | Convert | Dach »|

Intersect | Extend » | Orient »
Surfacesr Info

[ Coons | Rt | Extend |

Brick opened for meshing directly from LoCo
SCALE=
. |
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[ Current perimeter
Current distortion
Current distortion
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[ Volume » | Extrude » | Break
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Options List
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From LDraw to LS-DYNA® *.key format

Y Each line of LDraw file represents one brick

Yy Upon assembly a script creates for each brick
automatically
*DEFINE_TRANSFORMATIOMNNd
*INCLUDE_TRANSFORMtards

Yy Changes to the LDraw files (components in LoCo)
are automatically incorporated in new simulation

0 FILE 42056 - main. Idr

0 main

0 Name 42056 - main. Idr

0 Author : Philippe Hurbain  [Philo]

0 !'LDRAW_ORGModel

0 ILICENSE Redistributable under CCAL version 2.0
0 ITHEME Technic

ROTATION CENTERO 0 0 1 "Custom"
ROTATION CONFIG 0 0

71 -0.567 0 -180.567 0 0 1 0 1 0 -1 0 0 64179. dat
1 -A0. 567 0 -160.567 -1 0 000 -10-10 6558 dat
1 -60.567 0 -200.567 -1 0 000 -1 0 -1 0 6558. dat

P roo

0 -40.567 0 -230.567 0
0 39.433 0 -230.567 0 1

— transformation and
S C A L L i | rotation of brick

0001100 2780.dat
00110 0 2780.dat

Y The same bricks are imported over and over again

$ Include - Transform for :
$ dashboard 2_- _nnn 558_6558_000000 _---- _3bl6a7a2. Idr
$
*DEFINE_TRANSFORMATION
20115001
$ Rotation :
$
ROTATE 1.0 0.0 0.0 0.0 0.0 0.0 90.0
$
$ um X
ROTATE 1.0 0.0 0.0 0.0 0.0 0.0 -90
$ um Y
ROTATE 0.0 1.0 0.0 0.0 0.0 0.0 -0
$ um Z
ROTATE 0.0 0.0 1.0 0.0 0.0 0.0 180
$
$ Translaton
$ X y z
TRANSL -0. 2268 -80 -109. 827
$
$ final  rotations
ROTATE 1.0 0.0 0.0 0.0 0.0 0.0 -90.0
ROTATE 0.0 0.0 1.0 0.0 0.0 0.0 -90.0
$
$
*INCLUDE_TRANSFORM
Tile__ 1_x_ 1_with_Groove 6558 _1mr3_. key
$# idnoff ideoff idpoff idmoff idsoff idfoff iddoff
20115000 20115000 0115000 0 20115000 20115000 20115000
$#  idroff
20115000
$# fctmas fctlen fcttem incout
$# tranid
20115001

\1 Brick ID

== fovma
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Job assembly and c¢ ontsrsmlulationg r o
-]

~ SCALECAR

~ Front impact - Rigid wall/l Flexible grouping of runs by their properties

+ overlap 1@@ pct

- overlap 25 pct

+ 10 kph /l Setup of multiple different scenarios

-~ 17 kph

= B381_SCALECAR__8stud_H_f_w

17kmh_@_deg_25pct_1st-pos_

> 0381_SCALECAR__ 8stud_H_f_w__17kmh_30deg_25pct_lst-pos_

= @381_SCALECAR__8stud_H_f_w__17kmh_45deg_25pct_lst-pos_

3 @381_SCALECAR_ 8stud_H_f_w__17kmh_6@deg_25pct_lst-pos_

> @381_SCALECAR_ 8stud H f w__ 17kmh_9@deg_25pct_lst-pos_

LX -
} 25 kph Slot 0: 0138_FEM_scale_car_w_17kmh_0_grad_25_2mm - State 1 at time 0.000000

» overlap 5@ pct
» car 2 car impact - no barrier
~ AUDI_QUATTRO ___l Setup of multiple cars
- Front impact - Rigid wall

= overlap 100 pct

Job submit directlyi
-~ 18 kph

Lokal aufbauen -

Remote aufbauen

381_AUDI_QUATTRO__S1 H f w_ 18kmh_|

= @381_AUDI_QUATTRO__S1_H_f_w__18kmh_|

Anrechnen

Yy Changes on CAD are instantly

Run-Konfiguration entfernen
reflected on model

Run-Konfiguration duplizieren

Y Results can be opened directly

. . Bild hinzufiigen...
in CAVIT(SCALE.resujt

Tags

X 0138 FEM scale_car w_17kmh_0_grad_25_2mm

S C A L E =1 LEG is a trademark of the LEGO Group of companies which does not sponsor, authorize m'lorse these investigations.
=l © 2019 Copyright by DYNAmore GmbH, SCALE GmbH
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Wooden slingshot crash test sled

| Housing to protect
y One weekend =4 thetestengineers.

Yy Made of wood N : Sled for acceleration of
‘ . - AR, the specimen

Y 15-20km/h

Y 6 halogen spots i Barrier made of

hard wood )

for lightening _— N

-
y 3 barrier ‘ Halogen lightning N
positions

i Hole for camera system
Y 2 smart phones
for slow motion

video capturing
(SamsungS?7, Pixel2)

Y 240fps

- : q Physical specimen
y Lots of fun < Slingshotto drive sled positioned for 25%
) overlap crash

S C A L E =1 LEG® isatrademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations.
. | © 2019 Copyright by DYNAmore GmbH, SCALE GmbH




15t simulation results compared to videos of physical test

Y Initial simulation already
showed surprisingly good
correlation with test videos

Y Setup of simulation process
gave insight into various
challenges for our software
products.

Y What is needed to
integrate CAD and
meshing?

Y Performance

Y Basis to start with more
complex challenges

Lv Slot 0: 0138_FEM_scale_car_w_17kmh_0_grad_25_2mm D ' NA
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_ Organizing Teamwork with aid of  LoCo and {-> ROCKET.CHAT

s EEENEEE

SCALE GmbH Dresden
A David (Software)
A Peter (Processsubmittingto HPC) -

3
DYNAmore Corporation USA 7
A Nils Lspyn®)

A Thomas (eshing
SCALE GmbH Ingolstadt

A Alexandru (Model, LoCo)
A Marko (LEG® CADProcess Lo Co, ¥

DZNF,:ren:ée France SAS / DYNAmore GmbH Stuttgart e
(Meshing LSDYN/) p o V3 H
@ A Andre (Organization) = C h rlstmas 2 0 1 8

A Thorsten (Veshing LSDYNR)

A David (vaterials)
LoCo

SCALE_:



__ Meshing

Y CAD Data for Porsche model and bricks are publically
available

(at Idraw.org by philo, at grabcad by dk)

Y Meshed bricks maintained in brick library in LoCo
\' Each brick only meshed once
V' Improved bricks can instantly be used in all simulations

Yy CAD and ANSA files are kept together with solver files

Yy Meshing done in multiple location by different people
V' Thorsten (Stuttgart, Germany)
Y Pierre (Versailles, France)
Y Thomas (Dublin, Ohio, USA)
V' Marko (Ingolstadt, Germany)

S ' A I E ’ ‘vﬁ N R !‘
J .| SE@ -X> 0 EEy B BEE=>

Technic Beam 13, BrickID 41239
1mm Tetra mesh, 33123 elements

Technic Beam 13, BrickID 41239
1mm Hexa mesh, 5124 elements

Saves 800.000
elements in final
simulation!

bvnna
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Material Data Calibration

Y Tensile samples extracted from LEGO © bricks where tested at the DYNAmore materials test laboratory in  Stuttgart

Yy Samples taken from brick # 59349, specimen extraction by milling

Y Tensile tests with digital image correlation (DIC)

Y Yield curve via reverse engineering

Y MAT_24material card created

S C A L E =1 LEGO is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rDYNA

= © 2019 Copyright by DYNAmore GmbH, SCALE GmbH MORE



__ Calibration of Clamping Forces

Y Experiment to measure Y Modeling in LS -DYNA® by Y Calibration by inverse
clamping forces *CONTACT _TIEBRAKE_NODES_ONLY parameter identification

clamping force
*CONTACT_TIEBREAK_NODES_ONLY

$ cid title
$ ssid msid sstyp mstyp shoxid mboxid spr mpr
7002 1001 4 2
$ fs fd dc ve vdc penchk bt dt
20.0
$ sfs sfm sst mst sfst sfmt fsf vsf
-0.15 -0.15
$ nfif sfif nen mes

145E -4 3.0E -5

Nodes for
clamping force

Clamping force [N]
w

0 T T T T 1
0 0.1 0.2 0.3 0.4 0.5 %o 0 20 % a0
distance [mm] Time
=1 LEG® is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rl)YNA
o © 2019 Copyright by DYNAmore GmbH, SCALE GmbH
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_ Validation of friction parameters

Y The Porsche LEGOP set 42056 is a technic set.
Y Connections are mainly created through pins

Y Friction to pull out pins greatly influences
overall model behavior.

Physical experiments have been conducted to
determine the pull out forces.

Parameters for friction have been calibrated by
inverse parameter identification.

JX -Z

S C A L E ILEGC)8 is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rDYNA
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Simulation results SCALEZ: fovna

Y 2704 Parts (Bricks)
Yy 19.5M elements
Yy 120ms

Yy 192CPU

Y 22h runtime

LEGC® is a trademark of the LEGO Group of companies which
does not sponsor, authorize or endorse these investigations.
© 2019 Copyright by DYNAmore GmbH, SCALE GmbH




Simulation compared to test videos

SCALE=:


http://www.ct.de/crash

_The chal |llegowette Y #

] & N3 ©74 % W 14:05

y' Car 2 Car z Crash ¢ g Redaldionct :

zuletzt kiirzlich gesehen

Hi, we prepared
something. Would

y Ve|OCIty 60 kph Hallo! Wir haben da mal was that be interesting

vorbereitet! War das was fir c't? forc At
14:03 W

Y Prediction of results prior to real crash!

LOL

Anyone can copy! @ I\
" Nachmachen kann ja jeder;) ., .
Konnt ihr auch Bugattis? .,
Can you do Bugattis? |/ :r?}?t“'i r\1Ne SAan j-o
Wir kénnen alleses - = 1,04 98 €

Wie wérs mit ner Lego-Wette? ;)

Covabonaon |
® Nechrich =

S C A L E ===1 LEGQ is atrademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rDYNA
. |
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Simulation Models

Porsche: 2704 Bricks
182 different bricks

Bugatti: 3599 Bricks
74 additional bricks to be meshed

é:.dv: D »’::\;1;2"-;“ 2o EHEC> B> EEpE>
=1 LEG® is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rl)YN A
o © 2019 Copyright by DYNAmore GmbH, SCALE GmbH MORE



- Model Size

Y Number of Elements - Bugatti:
~25.000.000

S C A I E_l LEGC® is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rl)YN y A N
. |
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- Model Size

Y Number of Elements - total: ~45.800.000

S C A L E === LEGO®is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rDYNA
. |
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Car to Car Crash Setup using Multi Stage Assemblyin  LoCo

Stage 1: create library ~ Stage 2: create car model Stage 3: car to car simulation Stage 4: rendering
bricks.key ) .| bricks.tar LSDYNA? Porsche d3plot |

car assembly

d3plot.fz

.\\

bricks.tar . | porsche.tar

Car to Car Assemb

Stage 2: create car model

] ] bugatti.tar

CAD

LS DYNAR Bugatti

car assembly

| bricks.tar

S C A L E =1 LEG® is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rDYNA
ol
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Simulation Results SCALEZ: fovna

)f 6303 Parts (zricks)
Y 45.8M elements
Yy 130ms

Yy 192CPU

Y 54h runtime

LEGC® is a trademark of the LEGO Group of companies which does not sponsor authorlze or endorse these investigations.
© 2019 Copyright by DYNAmore GmbH, SCALE GmbH



magazin fir

The real crash by €€=*and ADAC compared to Simulation

60kph 300kw halogen spot lights

50m track 10 x 1000fps high speed
cameras

. - e
LEGC? is a trademark of the LEGO Group of companies which does net sponsor, authorize or endorse these.g
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http://www.ct.de/crash

Detall of left front wheel from Bugatti

S C A L E =1 LEG® is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse these investigations. rDYNA
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