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FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

Update on OSCCAR 14:45 - 15:30

Results and future work incl. Q&A

o Short intro + status (Werner Leitgeb)
o0 Biomechanical alignment/ injury evaluation
(Christian Mayer, Johan  Iraeus , Lennart Nolle, Jason Fice)

o Virtual testing (Andre Eggers)
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The EU Horizon 2020 research project ANOSCCARFuture Occupant Safety f or delelopss h e
a novel, simulation -based approach to safeguard occupants involved in future vehicle accidents

A Understanding future accident scenarios involving /\tf‘“

) ] , ‘
passenger cars 10BN G ( N\
FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

A Demonstration of new advanced occupant Future Accident Scenarios Integrated Assessment
protection principles and concepts addressing future Automated Driving
desired sitting positions made possible by HAVs Omnidirectional Human Body Models

R Advanced Occupant Protection Systems

A Contribution to the development of diverse , Relaxed Sitting Positions _ _
omnidirectional , biofidelic  and robust HBMs —— Virtual Testing and Homologation /

A Establishment of an integrated, virtual assessment framework for complex scenarios as needed for the
development of advanced protection systems for all occupants

A Contribution to the  standardization of virtual testing procedures and promotion of HBMs acceptance in
order to pave the way for virtual testing -based homologation
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Occupant protection principles I HBM application | R

FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

A Occupant protection principles:

A Conception and investigation of advanced occupant protection principles for sitting positions
and postures related to automated driving:

0 Restraints to be adapted towards new boundary conditions
0 Repositioning of the occupant into a conventional seating configuration prior to a crash

A Considering aspects like occupant variety and omnidirectional occupant loading by use of HBMs

A Virtual investigation of protection principles and hardware demonstration of selected cases

Protection Principles

#1 #2 #3 #4 #5 #6
Swivel Seat Inertia Seat Anti Submarining Mushroom Airbag Reclined Seat Far Side

AV
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Occupant protection principles

A Occupant protection principles

Crash (+AEB)

pre -crash

A Swivel Seat seat rotation

A Use Cases & Principle:

o Occupant sitting slightly rotated, pointing away
from the driving direction

0 The seat will be rotated around z
direction of crash during pre -crash phase

o Active (defined rotation
(inertia driven) rotations are considered

Related publication: [Becker et al. IRCOBI 2020]
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- Repositioning of the occupant

pre -crash
backrest rotation

A Reclined Seat

A Use Cases & Principle:

o Occupant sitting in a relaxed seating position with a
reclined backrest angle

-axis towards

o Prior to the crash the backrest rotates to an upright
angle to raise the occupant
posture

Related publication: [Osth et al. IRCOBI 2020]
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OSCCAR T Integrated and comparable assessment

Fully Integrated Assessment Tool Chain
Integrated, continuous and comparable assessment

Accidents Pre-Crash

N
>
©
c
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o
o
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ACommon simul ati on
comparing results

Passive

A Software tool for  reproducible  HBM seating
procedure in development

A Comparable and common assessment using the
OSCCAR enhanced open source software tool
ADynaSaur 0

~ . . . D https://gitlab.com/VSI-TUGraz/Dynasaur
A Enabling standardized solver output processing for

different solvers used within OSCCAR
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OSCCAR .I. Virtual TeSting I FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

Harmonization of Virtual Testing

Virtual Testing requirements

U Development of virtual testing and assessment
procedures

U First proposal of a procedure for virtual environment

validation published

Eggers et al., Validation procedure for simulation models in a virtual testing and evaluation
process of highly automated vehicles, VDI-Tagung Fahrzeugsicherheit 2019

U Harmonization efforts

U Homologation Test Case Demonstration

May 19, 2020 RCCADS Workshop - OSCCAR Page 8



OSCCAR T Virtual Testing Il

U Providing the bigger picture on
complete story for virtual testing

Societal trends, etc

needs
U Generic load -cases of future relevant e
- - N
accident scenarios

Highway
rear-end the collision

U Methodology to estimate generic crash
pulses for novel crash configurations,
based on state -of-the -art FE vehicle
crash models

f")g

Left turn across path
opposite direction
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Likely effects of ADAS, AD, ITS,
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FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

Future
Accident
Scenarios

Conventional driven vehicle
4 -direction of travel

! Automated vehicle
b - direction of travel

Straight crossing path
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FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

Harmonization of Virtual Testing

Harmonization of virtual testing
Virtual testing basic needs

Glossary and definition of relevant terms : fiWhat is and what is needed for avalid model 0O

Verification: Assessment of accuracy of computational model solving the mathematical problem .

Assessment of the degree to which a computational model is an accurate representation  of

Validation: physics being modelled .

The process of modifying (parameters of) a model or tool to reach a performance target defined

Calibration: beforehand

The process of official approval that a model and its associated data are acceptable for a specific
Certification: | purpose . Purpose describes the use in an existing procedure, e.g. consumer rating or legislation
with Virtual Testing .

developed in cooperation with Thumbs User Community TUC
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ﬂ/«&r\-fk Homologation Test Case Demonstration

FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

U OSCCAR demo case foran exemplary procedure for future virtual approval using
HBMs

U Extrapol ation of hardware test based validity |to npnew,

U Focus on reclined, forward facing occupant position

U Demonstration of a method that delivers comparable results, the basis for
credibility and acceptability

U Continuous virtual assessment of the pre - and in -crash phase

B e




TP

Agenda T
FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

Update on OSCCAR 14:45 - 15:30

Results and future work incl. Q&A

o Short intro + status (Werner Leitgeb)

o Biomechanical alignment/ injury evaluation

—y

Christian Mayer, Johan lraeus , Lennart Nolle, Jason Fice

o Virtual testing (Andre Eggers)

Sept 8, 2020 OSCCAR Progress in Virtual Testing for automotive applications

v lﬁnt

Page 12



RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

Alignment of Rib Strain Injury Risk
Assessment

Johan lraeus (Chalmers University of Technology)
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Alignment of Rib Strain Injury Risk Assessment %

FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

A Goal: Provide guidelines for robust strain based HBM rib injury risk assessment

A An overview of strain  -based rib injury risk assessment

Use a robust
HBM validated Extract rib
with respect to

rib strain

_ Post process Convert strain to Compute overall
strains signals ‘ ‘

fracture risk ribcage risk

Strain [ -]

A€EFp ieA  jeAC

== 3 T[]0 )
wal()‘.‘o ]

§‘J&

Q 20 1

(]

L

0 0 '} [} ® 10 v 0 0

Time [ ms]

L 15 2 |25 3 35 4 45

Rib strain [%]

Forman, J. L., et al. (2012). Predicting rib fracture risk with whole-body finite element models: development and

preliminary evaluation of a probabilistic analytical framework. the 56th annual AAAM Scientific Conference,
Seattle, Washington, Association for the Advancement of Automotive Medicine.
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Alignment of Rib Strain Injury Risk Assessment DSBS

FUTURE OCCUPANT SAFETY FOR CRASHES IN CARS

~

A Goal: Provide guidelines for robust strain based HBM rib injury risk assessment

A Method: Identified need for validation of HBMs on strain level + HBM modelling guidelines
to reduce numerical noise (e.g. CPU dependency),

N N

Single rib level (  Kindig 2009) Ribcage level (Shaw et al. 2007) Full HBM level (Shaw et al. 2009)

Iraeus, J. and B. Pipkorn (2019). Development and Validation of a Generic Finite Element Ribcage to be used for
Strain-based Fracture Prediction. 2019 International IRCOBI Conference, Athens, Greece.

08.09.2020 OSCCAR Page 15



