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Far Side Occupant Test - Virtual Certification

3

No physical tests by Euro NCAP

= Replace physical tests by simulation

OEM submits 8 simulation results:
= 2 for model Validation
= 6 for virtual testing (VT) or certification

Euro NCAP checks data and accepts it
OEM performs physical sled test

Euro NCAP validates simulation model
Euro NCAP rates virtual testing load cases

W This marks a significant
shift in methodology.
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Far Side Occupant Test - Virtual Certification

4

OEM submits 8 simulation results:
= 2 for model Validation
= 6 for virtual testing (VT) or certification

Euro NCAP rates virtual testing load cases

— —~—

(' Virtual vehicle model ready for use in virtual\

\ testing at VM
b =

J

/
y.

v

2. Simuiation by VM

Validation load

cases

VT load cases

/
/
/" 1. Vinual Worid SID Mode
.'QI-—{ fufiling qualfication criteria [

\ \

P

-~ Upload simuiation results
to VTC Server

T

T
— ~—

N s te and qualily
'\<f ata compleean quality ~
~__ (Criteria fuflled? _—
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| 3. Slediests of validation load
cases

!
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./.
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6. Assessment of VT
load cases

/,,-»"/ Upload sledtest results y =4 Yes
. . . e o VIC Server
CAE Engineer needs and objectives = — |
.//! \\"'\ <3 2nd
= Data preparation and completeness s ComparsonofSedtesswin  (—>Accopae crea fed?>————
simulations) . ) - s
= Euro NCAP quality criteria i o]
= Static model parts iyt iy
= Rating values S——
considered for rating
— [1] EuroNCAP: EUROPEAN NEW CAR ASSESSMENT PROGRAMME, 18 May 2023, page nb. 3 avivnanay
S C A L L B https://cdn.euroncap.com/media/77236/euro-ncap-vic-simulation-and-assessment-protocol-v10.pdf Sy NAFEMS
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https://cdn.euroncap.com/media/77236/euro-ncap-vtc-simulation-and-assessment-protocol-v10.pdf

Virtual Testing Workflow and Challenges

OEM

Prepares 8
simulation results

Export
Upload

Check
Ratings

s ) SCALEZ]

IT-Solutions for CAE

OEM
physical sled tests

OEM must provide 8 simulation results:
= 115 mandatory curves, multiple key values, 6 mandatory videos
= Mandatory unchanged model parts - “static model parts”

= quality conditions (energy, mass, computation time ratios)

OEM goals

= Successful model check and validation
= Good rating values

OEM own requirements for the workflow (iterative process):
= Precise documentation and traceability
= Automated result preparation
= Automated checks

[1] EuroNCAP: EUROPEAN NEW CAR ASSESSMENT PROGRAMME, 18 May 2023, page nb. 3 T
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https://cdn.euroncap.com/media/77236/euro-ncap-vtc-simulation-and-assessment-protocol-v10.pdf

How Simulation Data Management (SDM) Can Help

6

Single point of truth

for input and output, simulation and tests

Collaboration
teamwork, sharing of data,
speedup of development

Standardized data structure
homogeneous visualization,
E:"VCI/UCIUOI?, assessment

Predictable & robust assessment
automatic generation of hashes,
extraction of key-results, reports

Traceability and documentation
each change by each user
is captured and documented

SCALE=
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SCALE.sdm B Resut v Yaris Demo v/ f = ? =
B Projects and Collections X a 8 G =
& Projects 4+ =om C ¥, =i~ Yaris Demo

Legend - n ~
No rows to show Star .-: T VADIS - USNCAPFl'om 56.00
= ) impact km/h
@ Collections + ‘
~ . K Front 57.55
] - w 1484_YARIS_USNCAP_RW f_Sekmh_ihd__59__-_lsdyna .484-“;’ S_USNCAP_RW____{_S6kmh_ihd__67___IsdynalUSNCAP impact km/h
v Webinar 2024 (60)
o o 1484_YARIS_USNCAP_RW. f_Sekmh_ihd__60__-_Isdyna
o 1484_YARIS_USNCAP_RW f_Sekmh_ihd__61__-_Isdyna No photo available had »
o 1484_YARIS_USNCAP_RW f_Sekmh_ihd__62__- Jsdyna = h
o 1484_YARIS_USNCAP_ RW_____f_S6kmh_hd__63__- Isdyna Overview Cras
o 1484_YARIS_USNCAP_RW f_Sekmh_ihd__64__-_Isdyna
v X a o 1484_YARIS_USNCAP_RW f_Sekmh_ihd__65__-_lsdyna
M C X X 1484_YARIS_USNCAP_RW f_Sekmh_hd__66__-_Isdyna

> Front o [ 1484_YARIS USNCAP RW____f_S6kmh_ihd__67__-_isdyna

> Side w 2249_YARIS_USNCAP_RW f_60kmh_hd__-_isdyna_633a

> Rear * TEST_.YARIS USNCAP RW________{ S6kmh_thd_-_ TS677

Other Selected 2 Total fems: 60
o 0 Frows X e b € B .

TEST_YARIS_USNCAP_RW.

f_S6kmh_lhd_-_T5677 o

3D Model Left Rail
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Setup in SDM: Requirements

= Project setup in SCALE.sdm

e Thresholds for quality criteria
= Responsibilities

= Milestones v

= Requirements
WSID: Houglass / Internal Energy -0 = X < 0.1000 0.1000 = x < =

Simulation Run Time / Max. Y Displacement ti... 1200 =x<

Max. H-point Z displacement (first 5ms) -0 = X< 10.00 10.00 =x<
-ee = X < 0.1000 0.1000 = x< e

-oo < x < 0.005000 0.005000 = x <

= Quantity and quality criteria for Euro NCAP Full Setup: Houglass / Internal Energy

Added / Total Mass

= Energy of dummy and whole system
= Added mass
= Simulation run time

Thresholds for EuroNCAP rating criteria

= Reasonable displacements | v 63Table7: EuroNcaPvIC  (10) |
(] Head a3ms = = x < 80.00 80.00 = x< =
o Abdomen compression 0.000 = x < 65.00
= Rating criteria for Euro NCAP © | Chostoompression ——
(] Head excursion 0.000 = x < 80.00
(] Head HIC (15 ms) -m = x<700.0 7000 =x<w
(] Lumbar Fy 0.000 < x < 2.000 2.000 < X<
o Lumbar Fz 0.000 = x < 3.500 3500 = x<w
- Acce l € rati ons (] Lumbar Mz 0.000 = x < 120.0 1200 = X<
= Forces o Pubic symphysis force 0.000 = x < 2.800 2.800 < x<
. [} Meck moment y 0.000 = x < 50.00 5000 =x< o
- DISp|acementS »  Static bending, NVH (1)
7 S C A L L_I.l Aég?;féé'N AFEMS
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Setup in SDM: Model Setup

8

Modular structure
version control, parametrization

imported, versioned, managed

Shared data among users and

load cases
includes, parameters, ...

Parameterization

restraint system parameters

Attribute based load case definition
more efficient alternative to a matrix-based approach

SCALE=
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Groups (pool version: 20)

HPC
Submit

Check
Results

Check
Ratings

Export
Upload

> B3 AIRBAG - ;

> B Bw 'E

> P9 CONDITION Short Descripti... %

> B DuMMY

> B9 MASTER = F5_Pole_75_x-ref_z-re.. pole p 75

> B SCRIPT 17 = Airbag dab_03 key

» B9 SEAT = Body in White pulse_aemdb_S0deg | a 90 key

» B9 SEATBELT = Body in White pulse_aemdb_75deg | a 75 key

~ B Tools = Body in White pulse_aemdb_60deg | a 60 key
» B Assembly-Templates (37 - Python) = Body in White pulse_pole_S0deg p 90 key
» B Clusterscripts (348 - runner) 1 & Body in White carpet_02 key
» B Postprocessing (9 - VirtualTestingDemo) w3 3 = BodyinWhite hvac_04 key

Pool version: 20

Groups (pool version: 20)

Runs (FS_AEMDB_75 x-ref z-ref 50M_Sim_1_0020 Validation_...
v Validation loadcase for VI process
| | =» F5_AFMDE 75 x-ref z-ref 50M Sim 1 0020 WValidation aemdb

> = F5_Pole 75_x-ref z-ref 50M_Sim 1_ 0020_Validation_pole

Short Descripti...

-
f
[=1
~
o
=
a
3

v Virtual Testing loadcase for VT process

= F5_AEMDE_60_x-ref_z-ref 50M_Sim 1_ 0020_VT_-
FS_AEMDE_75 x-ref_z-high 50M Sim 1_ 0020 VT -
FS_AEMDB_S0_x-ref_z-high SOM_Sim 1_ 0020 VT_-
FS_REMDE S0 x-ref_z-ref 50M 5im 1_ 0020 _VI_-

FS_Pole 75 _x-ref z-high 50M Sim 1_ 0020 VT_-

[

F5 Pole_%0_x-ref z-ref 50M Sim 1 0020_VI_-

= FS_AEMDB_75 x-ref_... aemdb a 75
17 = Airbag dab_03 key
£ Body in White pulse_aemdb_60deg | a 60 key
6 = Body in White pulse_aemdb_75deg | a 75 key
= Body in White pulse_aemdb_90deg a 90 key
4 = Body in White ip_03 key
5 = Body in White pedals_06 key
£ Body in White pulse_pole_75deg p 75 key
| 7 = BodyinWhite sled_body_04 key
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Setup in SDM: Version Control

Documentation

any change can be documented in much detail with text, images, documents, Al

generated description

Traceability

each change is automatically captured and can be traced any time later

Collaboration
anyone in the team can see and access every change of other team members

SCALE=
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Model
Setup

Check
Ratings

HPC . Check
Submit Results

e ©140@ i
& EuraMCAP Validation runs [x-ref z-ref)
EURD NCAp Semplets far submition

A EUTINCEDEMm

16 O
Positioning fior z-high load cases

Export
Upload

15 R

=]
Optimized airbag time to fire for both z-ref
with validation and VT loadcases

< > » Byas + oetautt
Browser
Pool version: 2798
@ 2807 testing grid row s...
@ 2806 Parameter studye.. <
{5 2805 ModelCompare S¢... <
@ 2803 Fixbugin key file ...

@ 2801 test ansa compare.

@ 2800 manual merge wit...
@ 2799 [@ Test new apps .

‘ <+ 2798 [ testing improve
I _ comment i - |

Groups (Vehicle)

> BY Ubraries
» B3 Master
> B3 Tools
v B Vehicle
[B DECOMP_TIMEINGS
@ Dyna fake run options
B3 Exterior ‘
> B3 interior

> P Mass ]

Runs (pool version: 2798) v

> B1 Collections
> Assesbled runs
» Configured Tuns

» £ 2798 testing improve comment]

£ Additional M...

£ Air Filter

& Body in White
E Body in White
= Body in White
 Body in White

& Crash Manag.

£ Crash Manag...

= Crash Manag.
< Crash Mana...

= Crash Manag.

& Crash Manag...

= Cross Car Be...

= Cross Car Re.

Short Description

vehicle_mass_definition
air_filter

dab
Ansa_subsystem_front_
front_axle
Ansa_subsystem rear_a.

rear_axle

» Plvenice

» 4 Body in Whie

Data Format

Raw solver include =

Raw solver include

Raw solver include

‘Ansa D8 Subsystem
Raw solver include
Ansa D8 Subsystem
Raw solver include

History

Subsysted061_b5e326a8.ansa

I
,

Cibiw,

Search

o000 OF &

battery Raw solver include e ‘
NvH Raw solver include

CRASH Raw solver include

CRASH Raw solver include

NVH Raw solver include v i
subsystem J . Remarks © +
rear Rawe solver include > Uncategorized Actions Uncategorized Actions (2)

= PRSI Please provide a name for this measure.

front Raw solver include .
e e |
front Raw solver include °
rear Raw solver include

cross_car_beam

rross rar baam

Raw solver include

Raw sohuer inclide.

217 Qi
Optimization of airbag time to fire for
z-high load cazes

19 et

@
‘ ’ small fix for dummy positioning

=18 Q..
further refinment to %deg pole load
cases for z-high position

e ©208 -
K/ Merged optimizations for z-ref and z-high

EURD@ NCAR lead ﬁaci_-s Status for sumition to

Eurg

A EUTANCED.EM
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Setup Results Ratings Upload

Setup in SDM: ,,Static Model Parts" m

Begin of block o\ $98558885555¢
= “static mOdel parts" needed static model part ———;;EFG:EFEIEHE KEY BLOCK: dummy content 1 --——-
: i 2 o 8
Proof that certain data of the model has not *CONTROL_CONTACT
i i i B a.a 8.8 1 2 1 ]
changed with respect to the validation models o o o S 5.0 ;
= Format of “static model parts" NOT allowed
. . to change =
disassembled into groups to allow teamwork 5080268 5080263 5808263 8 5808263 0

= Should work for only some lines

$
:
iti g T \
Entities that are allowed to change g NODE cards
$

W

with respect to Euro NCAP e Stftri‘cdr?;ggcga?[
. allowed *
= (Crash pUlSES for sled acceleration fo change- CAEAAE1 -1h6 832640 -A.214B56500 766.60800
= Nodes of dummy & seat
= Advantage of setup in SDM

. . . L]

automation, consistency, efﬂoency
_ _ v FS_Pole_75_x-ref_z-high_50M_Sim_1__0012_VT_- (2024-09-27 13:59:48) ot

= Automatic calculation of hashes Upon assembly Solving job: Solving: simulation time 0.053999 of 0.2 computed (Energy Info after 5) job Folder Log
= Integration of hashes in reports for assessment > @ Model assembly job

. . . Scheduler-Infi tion: Submitted Job 56462
= Integrated in job-submit and carried out for each heduierinformation: submitisd o

simulation

> Solving job

Solving: simulation time 0.053999 of 0.2 computed (Energy Info after 5) Job Folder Log

10 S C A L L_I.l ﬁf#'f;f;f?N AFEMS
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Setup in SDM: Assessment of Results

11

Interactive web report

= Runs everywhere in any web browser

= Select simulations
= Compare on the fly

Access to all simulations & tests

= Search
= Filter

Custom reports

= Access to all data of selected simulations

= Tables with key results

= (Colored assessments from
defined requirements

= Channel plotter
= Synchronous video playback

SCALE=

IT-Solutions for CAE

Model
Setup
e © O | a cait x |+
é G \f] https://demo.sdm.scale.eu/cavit/dashboard
SCALE.sdm Result v/
B8 Grd =
= Dragheretosetrow C' Y. =ll+ SimVT ~ m
Star Run Name V' Owner Date
f v Fs vl s
i1 {} FS_Pole_75_x-ref_z-high_50M_Sim_1__0013_VT. Arthur Dent 2024-09-29,10:59
wo oW FS_AEMDB_90_x-ref_z-high_50M_Sim_1_0013__  Arthur Dent = 2024-09-29,10:13:
i f} FS_AEMDB_75_x-ref_z-high_S50M_Sim_1_0013_ Arthur Dent  2024-09-29, 9:48:5!
* [ FS_AEMDB_90_x-ref_z-ref_50M_Sim_1_0013.V.. | Arthur Dent ~ 2024-09-29, 9:40:2
{} FS_AEMDB_60_x-ref_z-ref_S50M_Sim_1_0013_V Arthur Dent ~ 2024-09-29, 9:39:0¢
ﬁ FS_AEMDB_75_x-ref_z-ref_S0M_Sim_1_0013_V. Arthur Dent ~ 2024-09-29, 9:38:3
* FS_Pole_90_x-ref_z-ref_S50M_Sim_1__0013_VT_- Arthur Dent  2024-09-28, 8:39:5:
w FS_Pole_75_x-ref_z-ref_50M_Sim_1_0013_Vali Arthur Dent  2024-09-27, 4:27:2)
ﬁ FS_AEMDB_90_x-ref_z-high_S0M_Sim_1_0010_ Arthur Dent  2024-09-24,9:11:2
w FS_Pole_90_x-ref_z-ref_SOM_Sim_1__0010_VT_- Arthur Dent  2024-09-24,9:11:2
i ﬁ FS_Pole_75_x-ref_z-ref_S50M_Sim_1_0010_Vali Arthur Dent  2024-09-24,9:11:2

Selected: 1 Total items: 11

HPC Check Export
Submit Ratings Upload
7O ¢t B B Lo ]
A Confidential information VirtualTesting v/ A = ? =
o

Legend

# Invalid #
Test Name Overall Result Mismatched
Criteria Parts

.x;, AEMDB_90_x-ref_z-high_S50M_Sim_1_0013_VT 0Ok 0

Quality Criteria for EuroNCAP

Result

Full Setup - Maximum Hourglass Energy < 10% of Maximum Internal Energy
WSID Dummy - Maximum Hourglass Energy < 10% of Maximum Internal Energy
Maximum Added Mass (%) < Total Model Mass at the beginning of the simulation
Z Displacement (mm) in the first 5 ms of the simulation
(Time of Maximum Head Y Displacement) + 20% < Simulation Time
Number of Mandatory Channels
Number of Mandatory Videos

Validation of Static Model Parts

Part

carpet part 1
carpet part 2
biw column (full)
biw hwac (full)
biw ip03 (full)
biw pedals (full)
sled part 1
sled part 2
contact_05 (full)
control_02

X
~

# Invalid

Ratin # 3

9 Channels Videos

Criteria

0 115 6

Limit i)

<01 0.01676
<01 0.02547
<0.005 5.016e4
<10 42
212 15
115 115
6 6

.30321
.1817a
de3eb
...bc2df
1c29f
...083d7
.51d71
...B8c9%¢

..dB6e2 e
...36e3e of

»
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Setup in SDM: Quality Criteria of Data

= Quality criteria for Euro NCAP

= Hourglass Energy of WSID Dummy & full Setup
= Added Mass
= Displacements of Dummy

=  Summary of “static model parts”

= st column the reference simulation (from validation)

= Subsequent columns from other simulations
of other load cases

12) SCALE=

IT-Solutions for CAE

Quality Criteria for EuroNCAP

Result

Full Setup - Maximum Hourglass Energy < 10% of Maximum Internal Energy

WSID Dummy - Maximum Hourglass Energy < 10% of Maximum Internal Energy
Maximum Added Mass (%) < Total Model Mass at the beginning of the simulation

Z Displacement (mm) in the first 5 ms of the simulation

(Time of Maximum Head Y Displacement) + 20% < Simulation Time
Number of Mandatory Channels

Part

carpet part 1
carpet part 2
biw column (full)
biw hwac (full)
biw ip03 (full)
biw pedals (full)
sled part 1
sled part 2
contact_05 (full)
control_02
dummy content 1
dummy content 2
seat part 1
seat part 2
seat belt content
seat belt part 2

Number of Mandatory Videos

Validation of Static Model Parts

...30321
..1817a
...de3eb
...bc2df
.. 1c29f
...083d7
..51d7
...88c9%¢c
...d86e2
..Jbede
...1670a
..5414c
..813c9
...3cab7
...61b01
..df543

...30321
..1817a
...de3eb
...bc2df
... 1c29f
...083d7
.51d71
...B8cAc
...d86e2
...36e3e
...9592a
..5414c
...813c9
...3cab?
...61b01
...467cf

umit [l [ |
<01 001943 0.01871
£01 002882 0.02759

<0005 5.016e4 5.016e4
<10 42 42
212 15 1.5
115 115 115
6 6 6

...30321
..1817a
...de3eb
...bc2df
. 1c29f
...083d7
..51d71
...BBcAc
...dB6e2
...36e3e
..1670a
..5414c
...813c9
...3cab7
...61b01
...df543

0.001888
0.005757
5.016e-4

61
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Setup in SDM: Rating Criteria

= Rating criteria for Euro NCAP R - m m m

HIC15 <700 169 33.67 143.8
A3ms =80 43.31G 23.76 G 419G
Upper Neck Fz =374 0.296 kN 0.465 kN 0.192 kN
Upper Neck MxOC =248 21.9608 N m 142.298 N m 244736 Nm
Upper Neck MyOC <50 227058 Nm 46.3669 N m 14.2845N m
u Acceleratlons Lower Neck Fz =374 0.154 kN 0.054 kN 0.115 kN
Lower Neck Mx(base of neck) <248 6.24678 N m 0.496497 N'm 4.60146 N m
u FO rce S Lower Neck My(base of neck) <700 11.7259 N m 7.50386 N m 574929 N m
Chest compression =50 0.0 0.0 0.0
. Abdomen compression =65 0.0 0.0 0.0
- Dlsplacements Pubic Symphysis force <28 0.0 0.0 0.0
Lumbar Fy =2 0.423 kN 2.07 kN 0.404 kN
L vee Lumbar Fz =35 0.126 kN 1.01 kN 0.106 kN
Lumbar Mx =120 5.95886 N m 120.588 N m 8.51914Nm
Head excursion =80 44.3 mm 45.8 mm 45.6 mm
Location Parameter Axis

- Ch a n n el p | Otte r. Head CoG acceleromete... + Accelerations [3] -y [3] -

Plot [m/(s*s)]

2004

= Interactively select and deselect simulations 100 f

0

= Choose location, parameter and axis to be displayed —
E -200
-300

= Video player

o 50 100 150 200

00:08 / 00:20

= Synchronously play videos side by side to compare load cases

= Inspect videos frame by frame with common slider for all videos

13) SCALE=
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Setup Submit Results Ratings

Setup in SDM: Export and Upload vode
Upload

ISO-MME Export e
ISO-MME Export e

Name

[«

results.zip Q, Search Show all

~ FS_Pole_75_x-ref_z-ref_50M_Sim_1__0013_Validation_pole
> Attributes
> Videos

> Documents
= Select Simulations / Tests
» Select the 8 simulation results
= Export directly as ISO-MME

> Channels
v [ FS_AEMDB_90_x-ref_z-ref_50M_Sim_1_0013_VT_-
3 [ Attributes
» [ Videos
% [] Documents
» [ Channels

~ [ FS_Pole_75_x-ref_z-high_50M_Sim_1_0013_VT_-

@ S C A L L_I.l Aﬁ;ﬁﬁf?N AFEMS
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Safeguarding against data manipulation

= Signing instead of hash

=  Would allow to proof that a given input was used to create a specific output (simulation result)
= “static model parts” of OEMs would not need to be disclosed to testing authority

Model Input

Signature report for all static
(allowed to change) B .

model parts, relevant results —

curves, values, animations, etc.

LS-DYNA

Signed via

Maodel Input LS-DYNA

(not allowed to change) Private PGP Key

LS-DYNA can use its private key
to sign the static model parts, Simulation Results
and generate signatures for
each static model parts in a
signature report

“Static model parts”

(encrypted using LSTC's 1024 bit public

{d3plot, binout, infmak, d3hsp, etc.)
pgp key)

= Problems

= Signatures cannot proof that “static model parts” do not contain any model data that is somehow tampering the simulation
results in 15t place

= All output needs to be signed, and it would be probably best if the output complies to the requirements of Euro NCAP (e.g.
channels and key results already in ISO-MME)

= Need to be implemented by developers of solvers

SCALE-. AT

e NAFEMS
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Summary and Outlook

= Virtual Testing workflow at an industrial level
= High complexity in the CAE world (model, load cases, processes)
= Virtual testing adds to the complexity
= Tools for efficient data and process management required for a productive usage

= Using an SDM-System for the Virtual Testing use cases
= Efficient integration of the iterative development process
= Version control, traceability and documentation
= Automated result data preparation and checks

= Challenges & Outlook:
= Safeguarding against malevolent data manipulation
= Mechanisms on the FEM solvers side mandatory but not sufficient

16 S C A L L_I.l ﬁf#'f;f;f?N AFEMS
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SO LONG,

AND THANKS /4@

FOR ALL THE FISH

S C A L E 1 © 2022 Copyright by SCALE GmbH, DYNAmore GmbH
. |

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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H . i *Model HPC Check Check E
Setup in SDM: workflow buildup . ., ek W oon

=Model Export
Setup Upload

Check HPC
Ratings Submit
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