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The LEGO® Challenge S

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.
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Setup in SDM-System

Goals Results
design a car that shall .... things that are to be monitored with respect to the goals
= have a cool design m Level of destruction
s beindestructible = Vehicle deceleration
= let the mini figure survive = Head acceleration of occupant
m possesses good aerodynamics = Drag and lift 1

Design & Test Parameters
things that we can vary

s Geometric build of car

s Speed

m Offset

= Angle of impact

= Angle of spoiler
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Setup Requirements for the Project =

> CFD(8)
Requirements Structured by v omimpsct(9) Thresholds for
' ' hicl o AP level of destruction
technical targets for the project category, venhicle ™ Mercepes_. ()
and VelOCIty > RIVIAN_RTT (4) .
Thresholds for acceleration
~  SCALECAR(4)
~v  20km/h(2)
Level of destruction (@20 km/.. Rating of destruction level for LEGO simulation mwsge... 20<x<24
max. Acceleration (@20 km/h)  max. Acceleration for LEGO simulation models -0 < x< 1200 1200 < x < 1500
> 30km/h(2)
Milestones
P . . SCALECAR :
definition of all project milestones and targets 4 ¢ * o ;’
RIVIAN R1T 3 :
MERCEDES SLS AMG * :
AUDI QUATTRO L 2
Jan 2021 Jul 2021 Jan 2022 Jul 2022 Jan 2023 ‘ Jul 2023
0 O v CFD(8) yellow
Monltorlng v 30km/h(4) yellow
transparent project status at any time > MERCEDES_SLS_AMG (2)
“~ SCALECAR(2) yellow
Drag (@30 km/h) 0.41 yellow Aggregated status
Assessment L @sormm
. L. > 40 km/h(4) yellow
Individual assessment by users - @ green
v 20km/h(8) W green
> AUDI_QUATTRO(2) yellow
PrOJeCt Status > MERCEDES_SLS_AMG (2) User assessment
- > RIVIAN_RIT (2 Il
aggregated on each level of requirements @ .
~ SCALECAR(2) W green
Level of destruction (@20 km/h) 22.62 W green
max. Acceleration (@20 km/h) 1738.03 red
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Manage CAD data in the SDM-System!!! ¥

= CAD data in the SDM-system

Imported, versioned, managed

= Product structure
disassembled into groups to
allow teamwork

» [ntegrated CAD tools

can be opened and worked with directly

= Teamwork
changes automatically synced to all
team members

Product structure rebuild
from LDraw model

Centralised LDraw Resources

/LDraw.org .LeoCAD

http://www.ldraw.org/ https://www.leocad.org

Version control for project

/ One file per part/ brick

< > 4 mcar

Browser Attribute Historie

|2 E LEGO v A¥flocox_crush_the brix 1] 140 [process all Idr files in the as... 3 m exterior L3 E body 3 m platform 3 ;_O brick 3 »

Pool-Version AT Komponente: pl...08.Idr (brick)

sofferkarten fiir Kontakte ibernomen 3 2 E 10 Attributes changed.
=3 =S
= = e
-Mas Party % s 5 § G 9 <
a
also for Is prepost E 'g E ; E € 8 <
write session file for A4 and cfile for Ispp to change ... E‘ '.E % § § @ 7
-] 3 P - c N
Anpassung einiger Steine im CAD Modell = = a 5 <L @ 6 Attributes changeN Ve rsion co ntro'
process all Idr files in the assembly folder with user ... < € 5 gedreht (test) fo ra Selected
@ 139  weiter mit skripten zum Erzeugen der Lego Modell... Elatomic ‘ Sl NI & 4 viele Aenderungen pa rt grou p
platform_27 ‘ 3004 Idr 251 2 06.12.18
@ 137 versuch den Prozess wie aus LEGO Modellen DYNA ... < € 3 testfsad
@ 135 Verbesserung Skripte pLatio IO 003 @ 2 Gesamtes Fahrzeug verschoben
® brick platfopm 06 | 2005

134 Testversion

- B car -

~ B exterior

brick  platfor

+ B9 attatchments

~ B body

Main group
Solid plastic
Transparent

Y B roof

Metallic
B chassis Rubber
B wheels Plastic
B engine Special
» B interior Favorites

=] L

25(P): Orange

. . Render time: (rel) grid position
brlckllnk 5ms (~223 fps) 0;-128;410 |

https://www.bricklink.com

Opening and working with CAD

[1] C. Knehler, M. Thiele, D. Matthus, P. Friedrich, “Prospects of integrating CAD and CAE in Simulation Data Management”, assemblies from within SCALE.sdm
NAFEMS European Conference Simulation Process and Data Management (SPDM), 28-29 November 2018, Munich, Germany
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Meshing of CAD Data wy

Versions of brick
library or individual
meshes

» B s517Merge] LEGO_

< > L E LEGO 4 EE locox_crush_the_brix 4 379 [RunConfigs 4 car2car] 4 D Libraries 4 D Bricks LEGO (local copy) (Locox)

Browser Attribute Historie

Eingehangene...sion: Bricks

Pool-Version

a = 517 Merge
g § s .
[ = o [=} . .
] T a = & 516 Fix for Brick #85984 . . .
- P Libraries £ | B 8 2 & Brick opened for meshing directly
o ] ] - c @ 515 #4733
» P Barriers s g E £ £ 2 from SDM-system
E N E 0] = @ 514 Attributes changed.
- Brick: ] E] L] 2 3
3 Bricks 2 |2 o a = ANSA v18.1.0 64-bit (/tmp/tmpOPhbzn/Technic_Bush_with_ Two_Flanges 13 1mmHEXA02_.ansa) -+ x
(@ =) EPRE] File Tools Utilities Lists Assembly Plugins Windows Help [P -1
) == : T - : -
B Ericksaimport base Technic_Bus | 3713 CAD 00 _import Databass B E > ﬁ r& - > 'Q > @ v (? e M > i % > % @ m'@ @ é >
B torawparts | base Tec ) Brick lib AD  00_import | ¥ Name Numbe g ch vith_Two_Flanges_ _3713_1mmHEXA02_.ans&#£urr t Part: 3713-LtBluis Modules Buttons ®
. rick libra - ANSAPART 1 S ' =
B MultistageAssembly se  Tec ry ‘AD 00_import . EDGE Hot Points» Info I
» B3 Material mounted to . [ ELEMENT 260 [ Insert | Project |Parametric.|
ba Tec roiect ‘AD 01_cleanup GEOMETRY 0 | Delete |Mult.Proje.| Intersect |
» ™ Road base \Iac p ) ‘AD  01_cleanup| | ~GRID 520 ¥ Release | Weld Spot
+ B Master . ' EERUAER T Ccons
base Technic_Bus | 3713 imm CAD 01_cleanup - PROPERTY 1 (Faste | Release’ | Fil riole )
» B9 Tools - SOLIDFACET =
base Technic_Bus | 3713 imm CAD 01_cleanup ¥ . VOLUME 17 [Open Hole| Project | Break |
v B oar base Technic_Bus | 3713 imm  MESH 02_mesh Faces» Info
B leagelcode base Technic_Bus | 3713 imm MESH 02 _mesh [ ::; [ S['::I:: [ Ur;i:fte ]
base Technic_Bus | 3713 Isdyna _1mm LEGO  03_selverfile Proj.Cut | Mid.Surf.» | Rm.Log. »
base Technic_Bus | 3713 Isdy 1mm LEGO  03_solverfilg [ flse ’[ floncel [ bl ] —
[Plane Cu.» | Offset » | Freeze/un |
[ Zone Cut | Convert | Dach » |
J

/

| Intersect | Extend » | Orient »

/ Modify
. N f Surfaces» Info
Various representations o _ [Coons | At | Extend
CAD geometry and meshed [Volume » | Extrude » | _Break |~
L L4 Options List 3]

bricks

Current perimeter
Current distortion
Current distortion

g R s+ - 1-2 S £ BT 9@ A A
OFE#E-I> DR Be> EEn=> NS

[1]1 C. Knehler, M. Thiele, D. Matthus, P. Friedrich, “Prospects of integrating CAD and CAE in Simulation Data Management”,
NAFEMS European Conference Simulation Process and Data Management (SPDM), 28-29 November 2018, Munich, Germany
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Setup of Load Cases and Solving wy

~ SCALECAR
~ Front impact - Rigid wall Flexible grouping of runs
» overlap 10@ pct by their properties
~ overlap 25 pct
» 1@ kph Setup of multiple
~ 17 kph different scenarios

= ©381_SCALECAR__8stud_H_f_w__17kmh_@_deg_25pct_lst-pos_

> ©381_SCALECAR__8stud_H_f_w__17kmh_3@deg_25pct_lst-pos_

= @381_SCALECAR_ 8stud_H_f_w__17kmh_45deg_25pct_lst-pos_
> @381_SCALECAR__8stud_H_f_w__17kmh_6@deqg_25pct_1st-pos_
% ©381_SCALECAR__8stud_H_f_w__17kmh_9@deg_25pct_lst-pos_

v 25 kph

b overlap 5@ pct -
Setup of multiple cars

b car 2 car impa - no barrier
~ AUDI_QUATTRO Job Monitoring °
~ Front impact - Rigid wall —
~ overlap 100 pct SCALLJ
~ 18 kph Cilt o
o Filke 8 ON-PREMISE
©381_AUDI_QUATT -
0042_1st-PORSCHE_60.0kmh_0.0_deg_0....T1_0.0_kmh_270.deg_-11450ff_-__04fa :
= @381_AUDI_QUATT | Vv @ a " :
Simulation Job: Solving: 59.12ms of 130.1ms computed KIN=46.7%, INT=2.6% Job Job submit
y Simulation Job H L R :[5
Solving: 59.12ms of 130.1ms computed KIN=46.7%, INT=2.6% Job Folder Log
F-Hrescale
0138_FEM_scale_car w_ 17 ‘k
CLOUD
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Simulation Results compared to Test

&

< CAVIT

C & demosdm.scale.eu/cavit/dashboard

0601_SCALECAR__8stud,
0588_SCALECAR__8stud

X

@ SCALE.result | LEGO

B8 Gnd

fw

fw

+

0541_SCALECAR_DOE_00__17.0k
0587_SCALECAR_8stud__f w__
0587_SCALECAR_8stud__f w_
0607_SCALECAR_8stud__f w_
0607_SCALECAR_DOE_00_17.0k..
| 0607_SCALECAR 8stud__fw_. |
0607_SCALECAR_8stud__f w.
SCALECAR PHYSICAL MARKO_R .
0607_SCALECAR_8stud__f w__
0607_SCALECAR_8stud__f w__
0588_SCALECAR_8stud__f w__
0607_SCALECAR_DOE_26_22.2k
0607_SCALECAR_DOE_30__24.0k
0607_SCALECAR_DOE_25_23.9k
0607_SCALECAR DOE_27_23.8k

e e B DBl B § ool

e Videos X

30.0
30.0
17.0
300
300
350
17.0
300
200
17.0
300
17.0
30.0
23
241
240
238

Y,

25.0
25.0
250
25.0
25.0
250
250
25.0
250
250
250
25.0
25.0
257
30.0
304
311

||+

crush_the_brix

30.0

0.0
00
00
0o
0o
0.0
00
9.372
-18.201
-7.415

-1.257

966.1
15144

966.1

957.5

1108.6

12029

1267.8
13479

530303 *
48.4848
1.5385
462121
48.4848
§5.3030
16.6667
40.1515
181818
16.6667
431818
11.3636
462121
19.6970
19.6970
212121

227273 -

o I < W

© Confidential Information ‘ S e

B Report X o
Legend -. ~
.Unl” SCALECAR_DOE_00__17.0kmh_0.0_deg_25.0pct_w__20221001T100740_70217marko.thiele

-SCALECAR_PHYSICAL_T EST

marko.thiele

Top View

Left View n

Global Energy Curves

Total Energy
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Simulations correlated with
test videos

Parameters for validation
Friction
Clamping force
DTSTIF

Basis to start more complex
challenges
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Model created by collaboration with SDM®¥

DYNAmore Corporation USA ' SCALE GmbH Dresden
* Nils (LS-DYNA®) » David (software)
* Thomas (meshing] » Peter (process, submitting to HPC]

YO

SCALE GmbH Ingolstadt
= Alexandru (model)
= Marko (LEGO® CAD, process, model, ...) Porsche:
2704 bricks

= 189 affterent i
=r

DYNAmore France SAS
* Pierre (meshing, LS-DYNA®)

@ DYNAmore GmbH Stuttgart

» Andre (organization)
= Thorsten (meshing, LS-DYNA®)
» David (materials)

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.
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Simulation Results WY

= 2704 parts (bricks)

DR
‘ /4

= 19.5M elements

= 120ms

= 192CPU

= 22h runtime

%0157 PORSCHE 911 - GT3_RS_o_ 46kmh_0_de - State 1 at time 0.000000

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
' authorize or endorse these investigations.
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Simulation Results wy

= 2704 parts (bricks)
= 19.5M elements

= 120ms

= 192CPU

= 22h runtime

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.


https://youtu.be/LyJ5B---Zdo

The LEGO® Challenge
legowette

<« d Redakﬁo,, ot
Zuletzt kirzlich gesehen

Hi, we prepareq
Would that pe |
for c't?

Something,
meres(ing

Anyone can copy! .

Can you do Bugatis»

Yeah, we can do anything 3

How about 3 ety

LEGO® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.
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Simulation Results w
= 6303 parts (bricks)

= 45.8M elements

= 130ms

= 192CPU

= 54h runtime

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.



Simulation Results

60kph 300kw halogen spot lights

50m track 10 x 1000fps high speed cameras

g
i

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.
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Data Analysis L

= DOE and data-analysis
setup easy within SDM-System N = r
= Input

>peed e
Offset —
Angle

= Output Speed “
| oo
Level of destruction = Overlap B
S .
Deceleration Angle —— B

Destruction

. A n a lyS I S Select inputs  Select inputs to show in "al‘mmj Select output to show in matrix -
correlation, trends, c i . .
o) 20 j . . .
meta-models = ) \ )
3
.: 10 10 . 10
(O]
. 5 B
o
Speed Overlap Angle
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Discipline — Car 2 Car Crash

s Separate project & discipline
car to car crash as simulation discipline

s Parameterization
velocity, angle, offset, ...

= DOE studies
= Data analysis

s Multi-stage-assembly

references individual car projects as input
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Discipline - CFD

Using same geometry as crash
separate simulation discipline

Fully automatized
runs directly after changing CAD geometry

Snappy hexmesh
OpenFOAM

Postprocessing
automatic extraction

Paraview
Images, videos, key-results, ...

Data cached remotely
accessible through VDI workstation
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200

epsilon 0 —— k.0 —— p_0

0O | a4 caviT x = = O X
ttps://demo.sdm.scale.eu/cavit/dashboard ¥ = . 3
& ) https//demo.sdm.scal /dashboard A 8 ® °
SCALE : ; s =
result | LEGO CFD @ Confidential Information ‘ = 9 =
W Scenarios X 0 X | &@Grd O | BReport X oXx
Quickfilter... QuEfiltd | 3§ "= Draghereto @ro =l | Default m | >
[0 MERCEDESSL.. Key Values 2
O rvianNrIT
SCALE CAR
O TuReo PROP ¥  0685_SCALECAR_8stud__20kmh_0_deg_CFD_11fd - Test Name Velocity | Spoiler Angle | Overall Lift  Overall Drag
O others i fy  [D685.SCALECAR 8stud_ 20kmh_0_deg CFD_2434
0685_SCALECAR_8stud__20kmh_0_deg_CFD_Odc
[ other w = i ik it ‘. 0685_SCALECAR_8stud__20kmh_0_deg_CFD_2434 | 20.00 0 -0.01 -0.02
¥  0685_SCALECAR_8stud_ 20kmh_0_deg_CFD_65b1 |
¥  0685_SCALECAR_8stud__20kmh_0_deg_CFD_40fc
¥  0685_SCALECAR_8stud__20kmh_0_deg_CFD_9c8a Convergence Plots N
¥  0685_SCALECAR_8stud__20kmh_0_deg_CFD_b93s
¥  0685_SCALECAR_8stud__20kmh_0_deg_CFD_b935
¥¥  0685_SCALECAR_8stud__20kmh_0_deg_CFD_67dd
¥  0685_SCALECAR_8stud_ 20kmh_0_deg_CFD_fe0e 1
¥  0685_SCALECAR_8stud_ 20kmh_0_deg_CFD_d53c i
=
R - - -
Selected: 1 Total items: 33
| @ Attributes < || @ Photos X | MeVideos X | B Documents X | I~ Channels v aXx
Filter =
= =




Discipline — Rendering
o Simulatiog,ﬁ#g}!@t 1

setup a/ysmenie - (ed within SOM-System

o

= Preproces!

;‘,-l

Blender |
for studio a ds'ﬁélﬁlf/"ng setup

* blend-f
managed mISDMsystem
convert
= Solving
*.blend
d3plot.fz from LS-DYNA
converted td 1T8blender in ~1 week
Solver§|_§ ger
~2 day on 64CPU for 911 frames
Carg

a perspectives as load

~ =

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.
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What's Next

= More models
Technic #42115 (@ xmas
8 stud wide MOCs

s More simulation disciplines
Powertrain
Multi body dynamics (MBD)
Water splashing (SPH)

s  More fun with simulation...

m Free models for HPC benchmarking and ...

models are licensed CC BY-NC-SA 4.0 and can be provided for noncommercial use, reach out to infoldscale.eu

LEGQ® is a trademark of the LEGO Group of companies which does not sponsor,
authorize or endorse these investigations.
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AND THANKS 45

FOR ALL THE FISH "

m https://www.linkedin.com/company/scale-gmbh/
S C A L E b | © 2022 Copyright by SCALE GmbH, DYNAmore GmbH
wl

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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