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Protocol Requirements

© QUANEY o) Hourglass energy, mass scaling, duration
© COTrelation .o ISO/TS 18571:2024

* Injury ASSesSMent ..o, Validation Criterion 2, Correction Factor A
* Data SUDMISSION oo ISO-MME, videos
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Challenges

.o 1. Good correlation has become mandatory

09 o0
@ 2. Collaboration between CAE and Vehicle Safety teams

@ 3. Quantity of LS-DYNA analysis

| 4. Format and quality of data
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Virtual Testing Workflows

ﬁ

Automotive VIC Quality LS-DYNA to
Assessments Criteria ISO-MME VIC Videos

Euro NCAP, C-NCAP, and future protocols

* Kk k Kk K



The Virtual Testing Workflow

Setup Run Check Validate Data Export Submission and Test
PRIMER PRIMER LS-DYNA® T/HIS iGN GIN D3PLOT ( f b
Check Upload
Create Label . . Convert Upload .
Run the simulation Create and . . Perform physical
LS-DYNA 4| Occupant(s) | | 1 hwwa [ meets | Inchouse i} LS-DYNA 1 export VIC simulation | ] physical || testresults 7$
modelin and imulati it validation results to d results to test to VIC
PRIMER Structures sumuiation grlitae:iiz ISO-MME videos VIC server ©s s(e):rver

Update
LS-DYNA
modelin
PRIMER

O VOO0 e e




The Virtual Testing Workflow

Setup

PRIMER

Create
LS-DYNA
modelin

PRIMER




The Virtual Testing Workflow

Setup

PRIMER

Label
| | Occupant(s) |
and
Structures




The Virtual Testing Workflow

Run

LS-DYNA?

Run the
LS-DYNA
simulation

]
]

A




The Virtual Testing Workflow

Run Check

LS-DYNA’
Check
Run the simulation
-{ LS-DYNA [ meets B
simulation quality
criteria

A

Update
LS-DYNA

modelin
PRIMER




The Virtual Testing Workflow

Run

LS-DYNA?

Run the
LS-DYNA
simulation

|

A

Update
LS-DYNA
modelin
PRIMER

Validate

In-house
validation




The Virtual Testing Workflow

Data Export

Convert
Create and
LS-DYNA
H — export VIC [
results to .
videos

ISO-MME




The Virtual Testing Workflow

Run Submission and Test
PRIMER PRIMER LS-DYNA’ D3PLOT ‘: f
‘.g.i
Create Label Run the sirr(ljzfactli(on Convert Create and Upload Perform IilpI;)iigl
LS-DYNA Occupant(s) In-house LS-DYNA simulation . phy
. LS-DYNA meets S export VIC — physical test results
modelin and simulati it validation results to d results to test to VIC
PRIMER Structures wiation qqa 1.y ISO-MME viaeos VIC server es 0
criteria server

=3

Update
LS-DYNA
modelin
PRIMER

/)




The Virtual Testing Workflow

Setup Run Check Validate Data Export Submission and Test
PRIMER PRIMER LS-DYNA® T/HIS iGN GIN D3PLOT ( f b
Check Upload
Create Label . . Convert Upload .
Run the simulation Create and . . Perform physical
LS-DYNA 4| Occupant(s) | | 1 hwwa [ meets | Inchouse i} LS-DYNA 1 export VIC simulation | ] physical || testresults 7$
modelin and imulati it validation results to d results to test to VIC
PRIMER Structures sumuiation grlitae:iiz ISO-MME videos VIC server ©s s(e):rver

Update
LS-DYNA
modelin
PRIMER

O VOO0 e e




PRIMER

Label
Occupant(s)
and
Structures

Automotive Assessments

Setup in Oasys PRIMER



m PRIMER 21.1 - 64 bit (build 35746), Licensed to : Arup_UK — a *

—=HP Fie Keywords Tools Display Images Viewing Options  Help [Blank ¥| |PART (any type) ¥|[Keyin: |E £ Q Undo l' _D Tools ||Meshtmis-‘1Post

Assign ms ipd
PRIMER: M1: FS_AEMDB_75_x-ref_z-ref_SOM_Sim_1 Attached Load Path
atteries

Cro
Mass Prop | Safet
Text Edi
Check ICFD Setup

Clipboard Workflows
,‘-{refs
[ Volumes &1 || Voumem ¥
ARBAG  Y[pamPNG v[mcLupe v[RaL ]
LE aTABS  Y[nmaL v RiGDwA
EF 2 RG
[couen Jeieuen s[ioso v[sevson
2 Y| IGA ¥ {TUR

tree

e HAE O
g ] =
*I

@
i

=
-

Model Part
| M1:Main file |
Model functions 7
Create Copy Delete List Modified?
Read Merge  Build Compare Renumber
Automotive Assessments zZ=0Ox Write  Submit Check Contents  Utiities

Inc declash Scan all Cluick scan

Far Side + VTC ¥ @ LHD Flip oc o <Airbag=

LS-DYNA
Regulation @ file read log Keyword
O RHD Delete all (O NASTRAN 24 Lines
ELERE Y ryten ez <Centre Console= (O RADIDSS 0 Warnings [ Readany
R not requir
: <Contact Dummy-&irbag> Q asaqus 0 Errors *INCLUDE files

IGES
2024 M= 17 . ‘ Add <Contact Dummy-Centre Console= 8 =TEP View log . _
Model Units <Contact Dummy-Seat= QO
ontions ([ Advie |
O More...

QﬁB U2 {mm, t, &) v <Contact Dummy-Seatbelt=

not required not required —
<empty= || ’ <empty= <Driver Seat= File: |DE_?5_x—ref_z—ref_50M_Sim_1 .keyY| -
Add id <Dummy:=

— Model No: |2 (First free) |

not required
<empty=

Add < < 112 = e z

ve To File Save To Model
i W




PRIMER

Label
Occupant(s)
and
Structures

Workflow User Data



Virtual Testing Workflows — Shared user data

Automotive
Assessments

. 0N N
2 ik 5

LS-DYNAto

VIC Quality
Criteria

VIC Videos



Workflow User Data JSON Files

(=~ CAETeam Analysis Directory 1

[=}-" Workflow User Data
----------- £J workflow 1 user data.json

----------- £J workflow 2 user data.json

----------- £J workflow 3 user data.json
[=]- " Loadcase A

(=} LS-DYNAJb 001

.......... m model 1.key

---------- M model 1.d3plot
---------- model 1.d3thdt

---------- ___ LS-DYNAJob 002
.......... m model 1.key
---------- m model 1.d3plot
---------- model 1.d3thdt

=} Loadcase B
=} LS-DYNAJb 003

.......... m model_l key
---------- i model 1.d3plot

.......... model 1.d3thdt
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VIC Quality Criteria

Euro NCAP VTC Quality Criteria

REPORTER

Summary

o [ [ v [ i | e |
Full Setup Maximum Hourglass Energy < 10% of Maximum Internal Energy 18243 96312 _

WSID Dummy  Maximum Hourglass Energy < 10% of Maximum Internal Energy 5834.5 75128
Full Setup Maximum Added Mass (%) < Total Model Mass at the beginning of the simulation 4.0043 5
H-Point Node  Z Displacement (mm) in the first 5 ms of the simulation 0.00085449 10
Full Setup (Time of Maximum Head Y Displacement) + 20% < Simulation Time 0.1996 0.19992
Full Setup Hourglass Energy divided by Internal Energy at Time of Maximum Head Y Displacement 0.017526 [monitored] [monitored]
WSID Dummy  Hourglass Energy divided by Internal Energy at Time of Maximum Head Y Displacement 0.0050345 [monitored] [monitored]
Seat Hourglass Energy divided by Internal Energy at Time of Maximum Head Y Displacement 0.040626 [monitored] [monitored]
Sled Hourglass Energy divided by Internal Energy at Time of Maximum Head Y Displacement 0.076512 [monitored] [monitored]
Dummy Maximum Added Mass 5.0394e-5 [monitored] [monitored]
Seat Maximum Added Mass 0.00042871 [monitored] [monitored]
Sled Maximum Added Mass 0.01327 [monitored] [monitored]

/8 Model | Z;/example/model/08_FS_AEMDB_75_x-ref z-ref_50M_Sim_1.key




VIC Quality Criteria
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Sim VI — Dealing with mconsistent data (Channel Matching)
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Sim VI — VIP Sensor Scores and validation criteria

Euro NCAP Virtual Far Side 2024 VC1 (ISO Scores)

Results Summary

Head CoG Angular velocities

Head CoG Accelerations

Head CoG Accelerations (derived from velocities)
Upper neck Forces

Upper neck Moments

Lower neck Forces

Lower neck Moments

Spine — T4 Accelerations

Spine — T12 Accelerations

Pelvis accelerations

Lumbar spine loadeell Forces

Lumbar spine loadcell Moments

Shoulder joint Forces

Shoulder — rib Displacement [corrected)
Thorax - Upper rib Displacement [corrected)
Thorax - Mid rib Displacement (corrected)
Thorax - Lower rib Displacement [corrected)
Abdomen — Upper rib Displacement [corrected)
Abdomen — Lower rib Displacement [corrected)
Pubic Symphysis Loadcell Forces

E-Pillar [non-struck side) Accelerations

Lap Belt (BE} Force

Shoulder Belt (B3] Force

1_HEADOOOOWSAY D
1_HEADODOOWSAC_A
1_HEADOOVEWSAC_A
1_NECKUPOOWSFO_A
1_NECKUPOOWSHMO_B
1_NECKLODOWSFO_A
1_NECKLOOOWSHMO_B
1_THSPO400WSAC_C
1_THSF1200WSAC_C
1_PELVOOOOWSAC_B
1_LUSPOOOOWSFO_B
1_LUSFOOOOWSMO_B
1_SHLD__OOWSFO_B
1_SHRI__0OWSDSOC
1_TRRI__01WSDSOC
1_TRRI__02WSDSOC
1_TRRI__03WSDS0C
1_ABRI__01WSDSOC
1_ABRI__02WSDS0C
1_PUBCOOOOWSFOYE
1_BFILLOODODAC O
1_SEBE0003B3F000
1_SEBE0003BEFO00

0.866
0.668
0.672
0.722
0.779
0.704
0.833
0.705
0.767
0.805
0.653
0.713
0.745
0.799
0.710
0.744
0.805
0774
0.560
0.694
0.638
0.631

0.599

38.252
33.264
29.782
164.005
19.259
467.050
129.110
69.759
124.022
216.938
343,551
63.431
431.442
0.006
0.002
0.002
0.004
0.003
0.005
584,021
73.623
2107.680
1826.294

0.887
0797
0.504
0.809
0.707
0.693
0.766
0714
0747
0.748
0618
0.699
0774

0.637

14,355
126,611
125,048
582.462
22.694

1022484

61.047
165482
185.241
301.571
970.252

16.936
585.000

210.811

0.956
0.643
0.645
0.642
0.813
0.641

0.787
0.631

0.615
0.695
0713
0.765
0.665

0.466

16.842
314.365
315.975

1240.491
6.978
1285656
6.388
124.467

79.222
106.102

2183.339

21,252

886.773

83,679

Sensor
Score

0.689
0.690
0.697
0.751
0.671
0.811

0681
0.721
0.728
0.799
0.710
0744
0.805
0774
0.560
0,694

0,631

Mandatory in

monitoring phase

YES

YES
YES
YES

YES

YES

Validation criterion 1 t end > 1.2 t max

75 x-ref_z-ref 500 Test_1yFar

08_FS_AEMDE 75 x-ref_z-ref_S0M Sam_1.thf

nnelFS AEMDE 75 x-ref_z-ref 500 Test_1.chn
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LS-DYNA to [ISO-MME

ISO-MME File Structure Header Item Remarks

(=] “__ FS Pole 75 x-ref z-ref SOM_Sim 1 Dummy Simulation Model e.g. WSID 50 M v3.4.1. (Humanetics)

Specification
"""""" D FS Pole 75 x-ref z-ref 50M _Sim 1.mme Solver Name e.g. LS-DYNA
—]--S Channel . e.g.Is-dyna_ mpp_s R9 3 1 x64
- Solver Version centos65 ifortl31 sse2 openmpil 83
£&J FS Pole 75 x-ref z-ref 50M Sim 1.001 Solver Procision SP or DP
"""""" ‘g. FS_Pole 75 x-ref z-ref 50M_Sim_1.002 Platform Name e.g. centos78 openmpi2.1.3
----------- £J FS Pole 75 x-ref z-ref S0M Sim 1.003 Number of CPUs e.q. 2x32
"""""" &J FS_Pole 75 x-ref z-ref 50M_Sim_1.004 Time step setting e.g. min. time step 1-e7 s

---------- £J FS Pole 75 x-ref z-ref 50M Sim 1.005 Contact Type between dummy
- &T FS Pole_75_x-ref z-ref 50M_Sim_1.006 and seat

_— £J FS Pole 75 x-ref z-ref 50M Sim 1.007 gggt:e‘:;t{}g;te between dummy $2S SOFT2 FS=0.0

S2S SOFT2 FS=0.2

Number of contacts used in the

overall simulation setup e.g. 10

Number of elements e.g. 20000
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LS-DYNA to 1SO-MME
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Far side
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L5-DYNA to ISO-MME

Solver Information Simulation Information
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Customer Test Referance Number
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Type of Test Sidelmpact

150-MME Farmat ersion 16

Solver Name 15-Dyra Number of CPUs 2
B SHEEBCUE Selver Varsion fs-dyna mpp s R11.2 2 Time step setting 6 7EDBe B s
Requiztion Far side VTC
Solver Precision e Contact Type betwsen dummy and seat 525 50FTO ny=02
Test Date 300/2024
Plathcrm Name Hpond System Contast Typs hetwsen dummy and seatbelt 525 50°TT =02
Tite Eure NCAP 2024
Nurmber af cantacts ussd i the averall simulation setup 1
e — Simulation
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LS-DYNA to ISO-MME
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A S S S |

LS-DYNA to ISO-MME
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