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3 cases for Virtual Test in UN-Regulations
— correlation & complexity

Correlation:  possible with physical test (alternative)

UN-R 11 30g inertial load




Figure 4-1

6 . Pe rfo rmance req u i reme nts Inertial loading - Sample calculation

1. Current StatUS of 6.1.4. Inertial load o

Each primary door latch system ...shall meet the dynamic requirements of oo ach ssiom biead 9 3 deceentio

Virtual Testi ng in UNR either §6.1.4.1. and §6.1.4.2. OF i

Pawl Spring Output Toegue = 0.0459%kgf m
the calculation of inertial load resistance requirements of §6.1.4.3. 4= 30g (mis)

F=ma=m*30g = m*204.2

VT )! be used When the 6.1.4.3. Each component ... can be calculated for its minimum inertial load resistance in

a particular direction. The combined resistance to the unlatching operation must assure

TECh n iCal Se rViCE dacCce ptS: that the door latch system, ..., will remain latched when subjected to an inertial load of
- proof of correlation between

30 g in the vehicle directions specified in §6.1.4.1. and §6.1.4.2., in accordance with
§7.1.1.2. M, =0.0163kg

= 31.50mm

dl
e i 4 M:=0.027kg &= 10.67mm
simulation & physical test \-0b2lg e o
i Wy 7. Test procedure " 4= %m
i q ua Ity crlterla 7.1.1.2. Inertial force application : Gl
Compliance with §6.1.4. is demonstrated in accordance with Annex 4.
C.O.P. possible by physical test Annex 4 : Inertial test procedures
1. Purpose : To determine the ability of the vehicle latch system to resist inertial loading by means of
a mathematical analysis of the component parts in their true car relationship or by evaluation using
a dynamic test. !
@ denotes the cg of component
A
2. Test proced ures (Shb | Fy M xa - Average load on knob spring = (0.0163kg x 30g) - 0.459kgf = 0.03kef
Exa m p I e : < B F: = Maxa=00227kg x 30g = 0.681kgf
L]
) 2.10or 2.2 3 = M2 x 8 = 0.0122kg2 x 3 = 0.183kgf
UN-R 11 (door locks & hinges) for T

IM, “FixditFxdy-Fixdy

inertial |Oad 2.1. Option 1, Calculation

2.1.1. The procedure described in this annex provides a means for analytically determining the ability of a door latch
2.1. Option 1, 2.2. Option 2, system to withstand inertial loading. (...) These omissions from the calculations are permissible because they provide

- : . additional factors of safety.
Calculation Full vehicle dynamic test

2.1.2. Calculation Consideration — (...) Their combined resistance... must assure that the door latch system (...) will remain
latched when subjected to an inertial load of 30 g in any direction. Figure 4-1 is an example ... to be considered.




3 cases for Virtual Test in UN-Regulations
— correlation & complexity

DPPS in GTR9 — HIT determination : No physical test available

HBM kinematics “only”




DPPS: active bonnets for Pedestrian Protection
¢ HIC result from physical headform tests, as for passive bonnets.
¢ HIT (Head Impact Time): “only” a pre-requisite before physical tests.

> HIT determination

1. Numerical simulation, based on HBM kinematics
Alternatives — Phase 2 research

HIT determination b 2. Physical pedestrian Dummies — Japan
numerical simulation 3. Generic approach- USA

. Abstraction levels in DPPS assessment

VT must be used :
no alternative for correlation @—kﬁ\ﬁ

* Pedestrian —real car impact

- 5 abstraction levels, O O

* Head form impactor — real car

6 ON 419

With 3 VT ChECkS 3. HIT Determination

i i 1 « HBM — simulation model of real car N _—-;:q_
. quallty criteria \\w I del of real
= z

* HBM — Generic vehicle models

* GV model - rigid impactor
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Alternatives — Phase 2 research — also challenging

ll. HIT - Physical Pedestrian Dummies
2 Challenge to complete the dummy family: 6y.o., 5" female, 95t male
) Kinematic certification of the dummies needed

Collision of the pedestrian’s leg
and bumper Beginning of pop up move mant End of pop up movement Head impact collision

e

[https://www.nissan-global.com/EN/TECHNOLOGY/OVERVIEW/puehfpp.html]

lll. HIT - Generic approach

) Challenge to develop an accurate method working for all diversity of vehicle shapes
& intrusions



Back to numerical simulation for HIT in GTR9-03 proposal

HIT - Numerical Simulation

0 Head Impact Time (HIT) calculated by CAE Human Body Models (HBM) on OEM vehicle
* HIT-graph to decide if static or dynamic testing

> HBM certification: adaptation of Technical Bulletin 24 (TB024) from Euro NCAP

> maintenance of CAE Generic Vehicle Models - TUG on UN website

HIT_d (ms)

|
DYNAMIC | QUALIFIES FOR
TESTS bYO | STATIC TESTS
|

WAD (mm)

J Challenge for Self Certification: check in-house simulations with OEM vehicle models & HBMs



. 1
IWG-DPPS-25-05 Documentation of Generic Vehicle Models 13. General Requirements 3 Documentation
— — - — 13.1. It shall be ensured that the HEMs used in this Annex comply w General
MR 1= Afdenaum;5; Specifications forthe Q“a"f'cat'(’"(;:,:s”g 2?5)8 o0/ Models foF PEdBStriar HIT,Determination for DRFS requirements within Addendum 5 of Mutual Resolution No.1 (M.R.1 cnera
p ~ - = ~ qualification results shall be documented as specified in Addendui The following information shall be documented:
GV Models . Qualification Process of Human Body 7\ (" Documentation + SHEOIOCLE M.R.1 (a)  Date of report;
7 Sy needs to be done if corridors shall be - -
Models for Pedestrian HIT Determination e (b) Name of car manufacturer;
x\ 1.3.2. Only those HBM statures selected according to paragraph 2.2. of this ’
{ Reference to Amendment 3 of GTR No 9 - R shalvl be qualified (©) Type and release version of software (FE-software package name,
Roadter  Familyear UV Q s Specification for HBM qualification ‘ = 1 ) revision and version);
e . _ . . . S _ .
Spacification and tools needed for GV simulations - / 1.3.3. The pedestrian HBM that is qualified is the very same model as us (d) Name and version of the HBM;
Model plausibility check K HIT determination simulations. This applies to: (¢)  Specification of car.
(a) Version of the HBM; Irtn:;]ge:.shm\;:lg tl];e. fruut(";:a\:ls:)nd 'sjlge dv:e‘:'h of .the 1:1edestr1an, at t0 and
- HBM Validations (comparison with PMHS . . atthe time ol head impact shafl be added to the report.
tests) — ,Qualification” of Human Body (b) Node-Position of every single node of the HBM; . . . .
Corridors for HBM Qualification for Use in DPPS 3.2. Consistency with qualification simulations
Corridors for GV Model plausibility check xpes oo} e For all simulations Table 2-1 shall be filled in.
ool : = 1.3.4. Furthermore, all simulations (qualification and HIT |  Table2-1
be performed with consistent settings. This applies to: Check of consistency between qualification and HIT determination simulations
(a) Solver-Version and Wpe (e.U. processi Consistent between qualification and HIT
) . - = Checklist for simulation settings determination simulations:
para]lellsahon);|
(J Challenges for Type Approval: . uta Mentcal T Wi
* (b) The time-step used for simulations;
Solver Version Y/N
5 5 o O o O Timestep 34. Results of HIT determination simulations
J Quality criteria of the OEM vehicle models & simulations & HBMs : Annex 2 Fo G BN (st ¢ s st parsgraph 22 of s
All other Annex, the computed HIT-Values and corresponding WADs have to be
filled into the following Tables 2-3 and 2-4.

. . . If HIT_d > TRT for all HBMs, simulations on the undeployed DPPS are

(J How to proceed for Conformity of Production & Market Surveillance ?

Table 2-3

HIT d Simulations on Deployable Pedestrian Protection Systems in Deployed Mode

[ Intellectual property... = van | e

AF05
Building Blocks Finite Element Software 23. Output Requirements 35?
AM9S
( lied by code-h It shall be confirmed that the following outputs have been generated from
SUPPHEC DY COOETAUSES each simulation, time history curves of: Table 2-4
to Industry) > : HIT_s Simulations on Deployable Pedestrian Protection Systems in Undeployed
(a) x and z coordinate of HC and AC in the global coordinate system; Mode
@, (b)  xdisplacement of vehicle CoG in the global coord]
Table 2-2 HEM WAD (mm) HIT s (ms)
1 ()  Resultant acceleration of HC; X YO
) . Quality Checks AF0S
(d) Contact forces (between vehicle and HBM
extremities, vehicle and HBM head and total cont __— . ) . I AMS?
Human Body Models Verification evalunation criteria AM9S
A (openly avaiI:bIe or by ‘ { } (e)  Total hourglass and internal energies of the total ¢ - — —
suppliers) i) Mass increase. Coefficient of friction between Vehicle an For each simulation, the following diagrams shall be documented:
All shall be olotted everv 0.1 ) Head centre of gravity is positioned at vel (@)  ACy and HCx as a function of time;
Vehicle Simulation Models ST pe PTG evEy T s of centreline Y=0 mm YN
c. “ . {} Furthermore, animations of the simulations shall be g¢ ) .
with DPPS of Vehicle output interval of 1ms Contact force between HBM and vehicle at
Manufacturer P ~ 24 Quality Che [simulation start 0 Y/N
@ 7;% The followin |Change in total energy throughout simulation <15% YN
(a) Cont! Amount of hourglass energy relative to total
start] [emersy =10% Y/N
E
Artificial mass increase relative to total mass of
(b)  Total the setup =3% YN



https://wiki.unece.org/download/attachments/208536077/IWG-DPPS-25-05_Documentation_of_Generic_Vehicle_Models_20230904%20CK.pdf?api=v2

3 cases for Virtual Test in UN-Regulations
— correlation & complexity

| ( |
More diversity to be considered
Next ste P VT for biomechanical requirements => crash HBMs?




Thank you |

Any gquestions ?
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