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EURONCAP VIRTUAL TESTING PROCEDURE

e i Crash Protection

5.1Qualification of the dummy model Virtual Testing

. . - . VM uploads simulation d v
The dummy model(s) used in this procedure must be qualified beforehand to ensure that it b e A E:g:ﬂ;ﬁ:;':;z‘;‘;‘::eeks
behaves consistently when compared to its physical counterparts. The qualification of the dummy papatom
models must be performed according to the specifications in Euro NCAP Technical Bulletin CP- +
HXX. o [ . Euro NCAP Secretariat
Documentation on the dummy qualification shall be uploaded together with the simulation results B of ks peaast Vehicie Mandtacturer (VM)
to the VTC server. The VM is responsible for ensuring that all requested dummy outputs are | ) vTC Web App
available with '

= A qualified finite element (FE) dummy model needs
to be used for VT

E Reference Number shared via
Dashboard and Email

Validation

WTC Validation Test Ref Number

bt i slodiets must be visible on film
Data upload at least two weeks
V?ia"\}’?gd&g,mg::m At 1* BO:;]MB‘W ::?d"m before N’lSpI.EBhDI"I of six weeks
l before publication
Automatic
validation Validation passed
checks passed
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DUMMY MODEL QUALIFICATION
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Dummy model (e.g. HIIl FO5, M50 and M95) validation needs to be assessed at different level
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HF

H3

HM

Certif. HW Certif. HW Certif. HW
Body
Region Test method Loading Guideline Guideline Guideline
D U IVI M Y M O D E L QUA I—I F I CATI O N Head Head Drop Impact Forehead SAE J2862 SAE J2856 SAE J2860
STAG E 1 N O R |V| AT I V E D U |V| |V| Y R EQ Head Drop Impact Forehead SAE J2862 SAE J2856 SAE J2860
Upper Pendulum Flexion - bending SAE J2862 SAE J2856 SAE J2860
Neck Impact
= Normative requirements are the same as for the Pondden  Ecrmion- SAE J2862 SAE 12656 SAE 12660
hardware ATD rega rding: mass properties, dimenSionS, Pendulum Flexion - bending SAE 12862 SAE 12856 SAE 2860
. . . R Impact
range of motion, instrumentation, dummy dynamic - -
i . Impact bending
q u a | Ifl Cat I O n p roced u re S Pendulum Extension - SAE J2862 SAE J2856 SAE J2860
Impact bending
. . Thorax Thorax Impact  Impact sternum SAE J2862 SAE J2856 SAE J2860
* The normative requirements for HF, H3 and HM do not -
cover all body regions equally (e.g. lower leg) T owsend | e e
Thorax Impact  Impact sternum SAE J2862 SAE J2856 SAE J2860
* The current certification requirements generally Thorax mpact  Impact Stemum - ShE 12878 ShE 12779
. . Low Speed
assesses the performance in term of values achieved. A e — T R
. . . . . Impact
time window is sometime prescribed. ’
Knee Slider Straight legt - SAE J2862 SAE J2856 SAE J2860
Impact Knee Impact -
Knee Slider g(terg;?\(tjllgglta-r SAE J2876
Impact Knee Impact -
perp. - LS
Foot & Pendulum Impact on upper UN-R94-04.S2
ankle Impact foot
Pendulum Impact on heel UN-R94-04.S2
Impact
Pendulum Impact on heel UN-R94-04.S2
Impact with shoe on
Pendulum Impact on upper UN-R94-04.S2
Impact foot
_ = o o
Impact
Pendulum Impact on heel UN-R94-04.S2
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HF H3 HM

EuroNCAP current Certif. HW Certif. HW Certif. HW
Body assessment
Region Parameter Test method Loading Limits Guideline Limits Guideline Limits Guideline

D U IVI IVI Y M O D E L QU‘ \LI F I C‘ \TI O N Head HIC15 Head Drop Impact Forehead [500-700 SAE J2862 500-700 SAE J2856 thd SAE J2860

STAGE 1 NORMATIVE DUMMY REQ. I e G O e

Upper Shear (kN) Pendulum Flexion - bending|1,2-1,95 SAE J2862 1,9-3,1 SAE J2856 thd SAE J2860
Neck Impact
= Normative requirements are the same as for the Pendulum  Extension - SAE 12662 SAE 12856 SAE 12860
Impact bending
h d rd ware ATD rega rd INg. Mass prope rti es, d imensions, Tension (kN) Pendulum Flexion - bending|1,7-2,62 SAE J2862  |2,7-33 SAE J2856  |tbd SAE J2860
Impact
range of motion, instrumentation, dummy dynamic pendum Extension- I shE 12856 shE 12660
| f t d Impact bending
q u a I Ica IO n p roce u re S Extension Moment Pendulum Extension - 36-49 SAE J2862 42-57 SAE J2856 thd SAE J2860
(Nm) Impact bending
. . Thorax Deflection (mm) Thorax Impact  Impact sternum [18-34 SAE J2862 22-42 SAE J2856 tbd SAE J2860
= The normative requirements for HF, H3 and HM do not
. Thorax Impact  Impact Sternum - SAE J2878 SAE J2779
cover all body regions equally (e.g. lower leg) Low Spesd
vC Thorax Impact  Impact sternum |0,5-1,00 SAE J2862 0,5-1,00 SAE J2856 tbd SAE J2860
* The current certification requirements generally Thorax mpact  Impact Stemum - SAE 12678 ShE 12779
. . Low Speed
assesses the performa nce In term Of Values aChleved ¢ A KTH Femur compr. (kN) Thigh Impact Knee - axial 2,6-6,2 SAE J2862 3,8-9,07@0 |SAE J2856 3,8kN (Knee [SAE J2860
. . . . . Impact 7,56@10 Mapping)
time window is sometime prescribed.
Knee Displacement Knee Slider Straight legt - Currently not [SAE J2862 6-15 SAE J2856 <6mm (Knee [SAE J2860
(mm) Impact Knee Impact-  [assessed Mapping)
1 dicul
= NCAPs assessment parameters (e.g HIC) are in some KneoSider  Suaightlogt- SAE 12876
d b d f . Impact Knee Impact -
perp. - LS
Ca s es n Ot cove re y u m my Ce rtl Icat I O n Foot & Tibia index Pendulum Impact on upper |Currently not 0,4-1,30 UN-R94-04.S2 |tbd
ankle Impact foot assessed
Pendulum Impact on heel UN-R94-04.S2
Legend Dummy Hardware Certification tests Impact
Pendulum Impact on heel UN-R94-04.S2
Certification test is missing Impact with shoe on
Tibia compr. (kN)  Pendulum Impact on upper | Currently not 2,0-8,0 UN-R94-04.S2 |tbd
Certification requirements exists but differ or cannot Impact foot assessed
be verified wrt EuroNCAP assessment parameter Pendulum Impact on heel UN-R94-04.S2
Impact
Certification requirement can be used
Pendulum Impact on heel UN-R94-04.52
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HF H3 HM

EuroNCAP current Certif. HW Certif. HW Certif. HW
Body assessment
Region Parameter Test method Loading Limits Guideline Limits Guideline Limits Guideline

DUMMY MODEL QUALIFICATION e o L
STAGE 2 COMPONENT LEVEL TEST e e e

- - -
Upper Shear (kN) Pendulum Flexion - bending|1,2-1,95 SAE J2862 1,9-3,1 SAE J2856 thd SAE

Neck Impact
= A subset of certification tests was used to derive R mes
guidelines for Stage 2 validation of the dummy models Tnsion (kM) Pendiim e
Impact
Pendulum Exter_\sion- SAE J2862 SAE J2856
= Data were provided to PDB from EuroNCAP and OEMs mpect pendng
b s o e — |
dummy labs berding
Thorax Impact sternum . |16.34 SAE J2000 | |2242 'SAE 2850
Test Hybrid Ill 5% Hybrid Ill 95% P ospend i st

Neck extension 8 6 9 6 12 (13) 12 (13)
Neck flexion 6(8) 5(6) 9 (120) 6(7) 12 (13) 7(8) Thorax Impact  Impact Sternum - SAE J2878 SAE J2779
Low Speed
Thoracicimpact high speed 11 (43) 8 — I
T KTH Femur compr. (kN) Thigh Impact Knee - axial 2,6-6,2 SAE J2862 3,8-9,07@0 SAE J2856 3,8kN (Knee [SAE
Theracicimpact low speed 5(#) 3(5) 8(9) 5(6) Impact 756@10 Mapping)
Upper leg impact (left/right) 8/7 6/5 10/8 7/5 12 (13)/11 8/6
Knoe Displacement. Knee Sider - SUagntlogt.  [Currently not [SAE 02862 [6-15 SAE J2856  [<6mm (Knee |SAE
(mm) Impact Knee Impact-  |assessed Mapping)
perpendicular
Knee Slider Straight legt - SAE J2876
Impact Knee Impact -
perp. - LS
Foot & Tibia index Pendulum Impact on upper |Currently not 0,4-1,30 UN-R94-04.S2 |tbd
ankle Impact foot assessed
Pendulum Impact on heel UN-R94-04.S2
Legend Dummy Hardware Certification tests Impact
Pendulum Impact on heel UN-R94-04.S2
Certification test is missing Impact with shoe on
Tibia compr. (kN)  Pendulum Impact on upper | Currently not 2,0-8,0 UN-R94-04.S2 |tbd
Certification requirements exists but differ or cannot Impact foot assessed
be verified wrt EuroNCAP assessment parameter Pendulum Impact on heel UN-R94-04.S2
Impact
Certification requirement can be used
Pendulum Impact on heel UN-R94-04.52
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DUMMY MODEL QUALIFICATION
STAGE 3 FULL SCALE TEST

= Test which resemble the use cases of the
dummy models

= They were not planned as twin sled tests :m__poé

DUMMY TECHNOLOGY AND f 4 4
DIOMECHANICS -

projects >> different testing and boundary ]

condition v o
i pom tilLllly (differ. dummies per perc.) (1 dummy per perc.)
Repeatability Yes Yes
Positioning data
Available Yes Yes
Analysed and plausible Yes Yes
Test videos
Available Yes Yes
Analysed Yes Yes
Analysis of test data
Completed Yes Yes
CAD-Modelle
PAMCRASH/VPS Yes Q32025
LS-DYNA Yes Yes
Load level
_ Distinguishes between low-/high-speed Significant Small difference
Absolute values Low to middle Middle to high
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DUMMY MODEL QUALIFICATION
LOWER EXTREMITIES ISSUES

Autoliv sleds
Ankles fixed

HM BAST/PDB test

force [kN]
-1.5

05 0 05

25

35

Femur forces

63. SOFEMRLEOOHMFOZB / CFC600 oot 48. SOTIBILELOHMFOZB / CFC600 sk
Hybrid 11l all dummies Hybrid I1l 95%
23-H3-35-04 (SP3)
“a o
z9
P -3
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5o
T
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©
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49, SOTIBILELOHIFOZB / CFCO00
Hybea 1 50%

-1.0
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40. SOFEMRLEOOH3FOZB / CFC600 ,f:f‘

iis Hybrid 11l 50% o

. | Femur forces g

pa "

e
0 Low speed D1
= ol = ~ = Low speed D2

° / . — High speed D1
=°] ——| === Highspeed D2
z
=
© o
89
L
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A large scatter in the femur contact behaviour between dummies >> no clear target for dummy qualification
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DUMMY MODEL QUALIFICATION
CHALLENGES FOR THE CHECKING VALIDATION SLED MODEL

Validation requirements for the sled model reflects the issues

EURO@NCAP

Version 1.0
March 2025

EURD@NCAP

Hill
Model Qualification Procedure

PDE/BA

Version 1.0
May 2025

Table 20 150 score requirements for stage 3 cerificabon. LR refers 1o LeftRight

Dismirmy Acceleration Heaad =065 = 0.65
Chesl & 0.50 for low spaed | 2 0.50 for low speed
= 0,80 for high speed | = 0.60 for high speed
- ; — Crash Protection pliss E080 2080
.4Acceptance Criteria . B r
Virtual Testlng Angular ral Heaad =0.50 2050
5.4.11S0 score Chest = 0.85 (only HM) -
i ; Petvis =050 Monitosi
For those sensors in the tables below, the calculated Sensor Score must exceed 0.5 to fulfil the L ; I ____' g
ISO score validation criteria. 7‘“ Lipper nath £0.20 E0.50
: Thosacic spine = 0.50 (only HF
Currently, the scores for all other sensors are only monitored and have no consequence on the i (it HE)
acceptance of the data and the scoring. Lusmbiar spine 20.50 [only HF, H3) | 20.50
Il spine LIR™ =050 [only HF) = 0.50 {only HF)
Femur LIRS, 1 =050 "z 0.50 {only HF, Ha);
Frontal Impact Sensor location ‘ Type Axes HM monitoring
. Upper &  Lower | =0.50 = 0.50
Head & Neck Head CoG Accelerations Xy.z / Tibias 1
Accelerations XYz Morments Upper neck =0.50 = 0.50
Chest & Abdomen Chest
Deflection X Thoracic spine = 0.50 (only HF ) -
Knee, femur and pelvis | Pelvis Accelerations xyz 4 Lumbar spine = 0.60 (only HE, H3) | Monitosing
lbac spine LIR" = 0.50 (only HF) Monitoding
) - Femur L/R" Maonitoring (only HF) | Monitosi
B-pillar Accelerations X J inly HF) "8
Vehicle Upper &  Lower | Monitoring Monitoeing
Shoulder Belt (B3) Force 1D Tibia+
Lap Belt (B6) Force D Displacement | Chesl compression | = 065 = 065
Miscellaneous | Force Sealbelt = 0.70 (B1, B3, BE) =0.70 (B1, B3, BE)
Pullowt Seatbell z 060 = 0ED
| Prassure Airbag B 2070
Displacement | Steering columr z 0.65 only high

faced in the qualification of the HIlIl models
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spead

average 150 limit between lefl and right 150 scares

+ average IS0 Emil of the left and nght lewer and upper tibia 150 scores
1 only Z-component, other relevant components (e.9. Tibia lorce in x-direction) 1o be debvered as

monitaring




DUMMY MODEL QUALIFICATION
WHAT IS NEEDED TO USE HIll DUMMIES FOR VALIDATION IN HOMOLOGATION

= |n general:
- Extend Stage 1 certification to harmonize the certification level between dummy percentiles
- E.g. lower extremities HF and HM dummy
- Extend Stage 2 certification requirements
- Define Stage 3 certification requirements depending on the loading configuration
- Only full frontal loading > mostly fore-aft ATD kinematics

- Even with flat and very stiff footrest (PDB/BAST tests) or fixed ankles (Autoliv) - Limited Tibia Index
Assessment, only forces but not moments

- Harmonization of the sled models (e.g friction values used in PDB/Bast vs Autoliv sleds)

= Above mentioned aspects depend on
- Which criteria or kinematik behaviour needs to be assessed
- Dummy suitability
- Loading conditions

EuroNCAP Technical Bulletin CP510 is a first step towards standardization requirements of HIll model, but

there is room for improvement
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DUMMY MODEL QUALIFICATION
WHAT WOULD BE NEEDED FOR HOMOLOGATION

= ATeam
- ACEA, CLEPA, EuroNCAP, TU Graz for providing feedback and coordination
- ATD and Humanetics for providing simulation data
- Autolivand BAST for providing sled data results
- EuroNCAP and OEM dummy labs for providing dummy (hardware) certification results
- PDB to perform the signals analysis and ISO score calculation

- Software houses (Ansys-Dynamore, Keysight-ESI) for developing and harmonizing the model of the sled tests

THANKS TO EVERYONE!
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