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Vision
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« Multiple Studies have shown that in the context of highly A B C
automated vehicles, passengers and drivers expect to be able
to sit in new configurations [1] [2] @@

d08 g0
ggl (EE] [BE

* One position of particular interest, both for the customer as well
as for the safety engineer is the reclined position [3]

» Automated Driving Systems 2.0: A Vision for Safety
Section 1: Voluntary Guidance, Subsection 8: Crashworthiness

“In addition to the seating configurations evaluated in current
standards, entities are encouraged to evaluate and consider
additional countermeasures that will protect all occupants in any
alternative planned seating or interior configurations during
use.?®”

3]

23) The tools to demonstrate such due care need not be limited to physical testing but
also could include virtual tests with vehicle and human body models. [4]

[1] Ive, AutomotiveUl 2015  [2] Jorldv, IRCOBI 2017  [3] Osthling VDI Safety Systems 2018 [4] NHSTA, Automated Driving Systems 2.0 A Vision for Safety 2017
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« Hardware tests were performed with both Hybrid 11l 50th Percentile Male dummy
(H350) and the THOR 50th percentile dummy in a concept reclined seating position in a
sled environment

« Sled test environment with a USNCAP pulse
« Integrated seat belt, load limiter between the seat and the sled

Huf et al. 2018, Draper et al. 2019
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Background

Human body model simulation — Comparison to dummy

The HBM spine develops a curvature during the pulse event, whereas the

dummy lumbar spines remain straight

———

Draper et al. 2019
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Lumbar spine positioning

= A sensitivity study was made only varying lumbar spine position:
= Differences in the kinematic response can clearly be seen

- Difference in the location of buckling

- Difference in the timing of buckling

- Difference in the timing of axial loading transitioning into flexion

Basis Position

z [mm]
[mi
z [mm]

Draper et al. 2019
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Iterative multimodal approach
~ |

How does condition affect
- lumbar intervertebral disk displacement
peak lumbar and pelvis force

Conclusion:
- Baseline pulse scaled down by ~20 %
- Removal of footrest for condition C

Condition B: backrest 30° Condition C: backrest 50° 6
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Volunteer Testing
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Condition B: backrest 60° Condition C: backrest 40° 7
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Initial observations

Condition B
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Condition C
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» Multi-model analysis of reclined position

« Smaller seat cushion angle
* Multiple pre-tensioning

GHBMC-S GHBMC-D

Gepner, Draper et al. 2019
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» Lap belt positioning

« Same procedures enforced

GHBMC-S GHBMC-D
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=150 = 1507
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Gepner, Draper et al. 2019
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Soft tissue geometry

 Human anatomy variance

* Model adaption
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B Future relevant accident scenarios for automated vehicles Future Accident Scenarios

OConsideration of mixed traffic influence _—
OlIntersection Scenarios f\/\

OHighway Scenarios

R
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-
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W Selected occupant UseCases for future sitting positions

OUser studies on future sitting position preferences performed at
RWTH Aachen

[01st physical test series for future sitting positions performed at
BAST

ORestraint principles for new sitting positions under investigation

31.10.2019 OSCCAR Page 13
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FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

m Advances in human body modelling (HBM):
OInjury criteria development and harmonization o
CJActive HBMs for pre-crash assessment/vmu:m\
OTissue, fat and muscle modelling g & 8.

OAdvances in omnidirectional biofidelity & | +

Gender Diversity Biofidelity 5 tive Kinematics Injury Prediction

New Sitting Positions

OWorkshop on “Virtual Testing and Open Source Human Body
Modelling” @ IRCOBI 2019

http://www.ircobi.org/wordpress/downloads/VIRTUAL-OSCCAR-workshop-20190329.pdf

OInternational cooperations and exchange planned with
o VIRTUAL Project
o TRC ADS Safety project
o Euro NCAP
o NHTSA & IIHS

31.10.2019 OSCCAR Page 14


http://www.ircobi.org/wordpress/downloads/VIRTUAL-OSCCAR-workshop-20190329.pdf
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Fully Integrated Assessment Tool Chain

B Continuous virtual assessment of advanced protection
principles

Accidents Pre-Crash

O Using diverse HBM occupants
Active Passive

O Common assessment methodology

O Considering accident scenario, pre-chrash & incrash phases

Harmonization of Virtual Testing

B Requirements for virtual testing and harmonization
O Harmonization of virtual testing procedures

O Demonstration homologation scenario in development

31.10.2019 OSCCAR Page 15
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Rib Fracture Risk Assessment

Definition of output |
request of full
model simulations

-

Contour Plot
Strain (Pl (major), Max)
Analysis system

6.975E-03
[ 3.500E-03
3.063E-03

= 2.625E-03
2.188E-03
F 1.750E-03

E 1.313E-03

Max = 6.975E-03
ELEMENT_SHELL 83060967
Min = 0.000E+00
ELEMENT_SHELL 89059306

8.750E-04
4.375E-04
0.000E+00

Rib Strain

Processor
. AscClifile |
E containing peak E
| strain values |

Output of RSP~~~ "@ """

Input for RFRP
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Cumulative Relative Frequency
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TUE

4.5

Rib Fracture Risk

Predictor

Output of RFRP l

Predicted risk of a
person of target age
sustaining specific
number of fx
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Validation - Example

= -

Poulard et al. 2015:

' -
 Kroell tests -

* (not) including soft tissue in

calculation of deflection
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« Kent table top experiments

« GHBM, Version 4.3

“FLESH”
less than 15% of thorax depth
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Challenges — Hourglass Control
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Validation - Example

Body region

Pelvis

Level

Full Scale

Greater

— 00 mm,, /

trochanter \

|

e 1
/// 7 "
- A » 50
—
// =
/ = ]

Load case Lateral sled
Leport et al. (2007):
References | Assessment of the pubic force as a pelvic injury criterion in
side impact. SAE Technical Paper, no. 2007-22-0019
Positioning Restraint P
straps ' ,.‘
) /
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'\]||1|-~~IL\(/__ // i -
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L 160 mm,, /
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Positioned

FORCE [kN]

Pubic Force

osf

= LowerBound

= UpperBound

— 45°-noPresim

— 42°-onlyGravity-70ms

— 45°-move Seat_Grav-on-Legs-70ms

— 45°-Gravity+Conlo-100ms
— 42°-Gravity+Straps(stiffer)- 100ms
— 44°-Gravity-Conlo-guidedFeet-100ms

20 25
TIME [millisec]
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» Database with FE models of validation setups of state-of-the-art load cases for validating HBMs
Precise documentation for a consistent application when evaluating HBMs

» Experimental data/ validation parameters provided by institutions where testing was
conducted

» Available in different crash codes (Abaqus, LS-Dyna, Radioss, VPS)
» Numerical check by Development Partners (DYNAmore, ESI)

A\

TUC Validation Repository

Load Case Description
&
Validation Protocol

www.tuc-project.org/validation-repository

Thorax: Isolated Rib
under Lateral Loading

TE ~
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» Available in three crash codes: r RSITY
o Isolated Rib under Lateral Loading AlILE "\ TRGINIA
o Experiments published by Del Pozo et al. (2011) CENTER FOR APPLIED

BIOMECHANICS
o Validation Setup developed in cooperation with University of Virginia (UVa)

o Experimental data / corridors provided by UVa 180
Loader 160 ¢
displacement 140
+Y (out of page) _ 10
+X Z 100
@
S 80
IE Test curves
60 ---Mean
40 —Ellipsoid Corridor
20 —Fracture Corridor *
{ 4 Fractures
i Anterior end 0
Ro:ﬂflt‘?“alt ol (resultant force) 0 2 4 6 8 10 12 14 16 18 20 22 24 26
potentioneter (bo Loader displacement (mm)
exjreraities)
450
SG1
*
! (strain) 400
Posterior Anterior ~ 350
bracket = € bracket 300 \—‘ *
asserdbly Asserbly Z 250 \,
= = e
2 2 © 200
Six-axis load cells 5 Test curves
A 5 150 ---Mean
100 —Ellipsoid Corridor
Posterior & Anterior ends —_Fracture Corridor
(sum of resultant forces) 50 # Fractures
0 3
Del POZO et al (2011) -0.4% -0.3% -0.2% —D.l%stE_].aOi:/‘o(_SJ.l% 0.2% 0.3% 0.4%

Toczynski et al. (2016)

_TU“E www.tuc-project.org/validation-repository
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» Work in progress
o Frontal sled using a generic test rig
o Experiments conducted within SENIORS EU project
o Experimental data published by Francisco J. Lopez-Valdes

UNNERSTDAD Q%%% PONT!FIC’
ICAI 5gfles ICADE

COMILLAS

o Validation Setup developed in cooperation with SENIORS

Lopez-Valdez et al. (2017) www.tuc-project.org/validation-repository

TUE
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DOFS constrained for all
/ bones of the forearm translational DOFS

constrained

Vinitial = 2.5 M/S

rigid wall

‘ "é\
emiad et
Hﬁw_\!\‘\\\‘\_.g‘«\
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Thank you for your attention!

Contact; steffen.peldschus@med.Imu.de



mailto:steffen.peldschus@med.lmu.de

