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Thoracic Injury Assessment
for Improved Vehicle Safety

- Introduction and Status per August 2010 -

Meeting: GA Telecall
Date of issue: 25 August 2010
Prepared by: Paul Lemmen (FTSS)
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TH@RAX Background

. . ] . “ \\ —All types of crashes
» The trend of increasing performance of vehicles in consumer RN — Frontal impacts
. . e . . . . 12
rating programs is in contradiction with observations from RSN — Side impact crashes

accident data
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» This is due to several reasons among which the usage of
Hybrid Il dummies that were developed in the late 70ties
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Crashworthiness ratings
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» HIll thorax was designed to assess injury risk related to %1 Overall Star Rating
. . UK Safety Rating vs. Overall Star Rating (all crash types
localized hub type loading of an adult male

» State of the art restraints use load limiter belts in combination with multi stage bags
which result in a different load case and sensitivity range

» Thisis also true for combined active / passive systems
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TH@RAX Objectives

Distribution of
injuries over body
regions for fatal
2. (ALS 4+) injuries
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The aim of the THORAX project is to develop numerical and experimental
tools for the optimisation and asessment of frontal restraints for a wide
variety of car occupants (age, gender, size)

» ldentification of the two most relevant thoracic injury types from
real world accident data

Lower
extramities: 3%

Upper
extremities: 0%

» Characterization of injury mechanisms and governing parameters for
these injury types, quantifying effects of user diversities like age

» Using PMHS test data and HBM simulations

» Development of hardware demonstrator consisting of a new thorax / shoulder design
implemented in a THOR NT dummy

» Development of injury risk functions for the hardware demonstrator and HBM’s

» Assessment of the sensitivity of the hardware demonstrator to modern vehicle safety
systems and usability in safety system optimization
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Project Str

® Biomechanical
requirements

® Prioritisation of

® Requirements e Load cases and
thoracic injuries

evaluation criteria

* Dummy concepts

¢ Real world
accident outcome
versus crash test
results

¢ \olunteer testing e Testing

e Design and

e Injury mechanisms prototype e Data analysis

& assessment crit.

WP2: Biomechanics
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g_i development

¢ Benefit
estimation

¢ \Validation of
biomechanical
performance

* PMHS testing

WP3: Demonstrator design

e Injury risk curves

WP4: Assessment for restraint opti
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TH@RAK

(Feb 2009)
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Kick-off
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~ THOMO on
54 PMHS testing

European
Enhanced
Vehicle-safety

Committee

ok ok Advisory Group

Meeting

wwwnhtsa gov

CAR

~ Cooperation with Public workshop on

dummy requirements

THORAX
GA Meeting

g”f@ﬁ,GRSP: Dummy
WY

ST meetings
Agreed to cooperate f “‘V
with ISO WG on frontal S group
dummy corridors

Milestones and Timeli

European
Enhanced
Vehicle-safety
Committee

sk k Advisory Group

Meeting

i gov

SARI

Workshop on
PMHS testing

Mid term
workshop

IRCOBI
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STAPP
ar Crash

ok ok e ke .
Evaluation of

THOR updates

s gov

M1: Two most relevant thoracic injury types identified
M2: Design specification thorax / shoulder complex
M3: Prototype thorax / shoulder complex available for testing
M4: Prototypes validated against biomechanical requirements
M5: Dummy and HBM injury risk curves available
M6: Dummy sled tests completed and data analysed
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2011

European -

Enhanced
Vehicle-safety

Committee

ek ek

THORAX
GA Meeting

Wby

EuroNCAP: start
working groups into
2012 test protocols
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Advisory Group
Meeting
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TH@RAK WP1 Accident sur

Accident survey in GIDAS, CCIS, OTS and LAB ' AlS 2+
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» Of secondary importance are:
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most frequent thoracic injuries are:

Rib fractures
Lung injuries ™ Upper abdomen
M Lower abdomen
® Other abdomen
Shoulder injuries

M Heart
Sternum fractures m Lung
,,'; m Shoulder
7 = Ribs
Risk of thoracic injury is greater for older W Sternum
occupants than younger occupants Other thorax
Younger occupants can sustain a serious lung
injury without serious rib fractures AIS 3+
Load limiters reduce the risk of injury for most
AlS3+ injuries
4kN load limiters are much more efficient than Distribution of thoracic injuries AIS 2+ (top) and AIS 3+ (bottom)
6kN load limiters
Accidents with widely distributed loading to the
car front are most likely to cause torso injuries
7



T"nnx WP1 Comparison accident cases /

Collision / Accident Dal
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was not dreg! loa: ded uut was crumpled. The onv nsg ng

ta

Uk jass
seating / Restr.

oad limiter:
e sethad:anole

= A5 [ Imurymechanism | Influencedby
N intrusion?
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on their similarity with EuroNCAP test e s s
EuroNCap Test:

Tasted model Audi A2 1.6

Hand of drive RHD

Body type small family car

Year of publication 2003 =

Injury data
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Region intrusion?
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» Thoracic injuries mainly result from belt loading
» Front seat passengers are at higher risk than drivers

» As front seat passengers are mostly female a “female” dummy should be used at the
passenger position in combination with a “male” driver

» Protection of younger occupants in offset frontal crashes is generally good
» Positive influence of Regulation 94 and Euro NCAP
» There is an effect of age and injury risk curves for various ages should be developed
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TII.RA)( WP2 Biomechanical requi

Summary of stifness trends (Kent et. al.) Double
. . - Dist Diag Diag
» Dependency of thoracic response to loading type 10007 Hub el 20 Sk o
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» Cooperation with ISO group on frontal dummy 20071 4
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."'I.nnx WP2 Injury mechanism and asses

Studies into rib fractures using validated Human Body Models
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6kN belt only

Static impactor

bending is the main loading mode leading
to rib fracture

Analysis of various load cases resulted in
proposals for two new criteria:

» Combined Deflection Dc

» Number of Fractured Ribs NFR

Combined deflection Dc:
Dc = Ds + ¢; [(AD — L)+ AD — L]]

Ds = Mid sternal deflection

AD = Lower thorax differentail deflection
L. = Characteristic length

¢; = correction factor

10



TIIIHI)( WP2 Influence of rib cage g

Combined experimental — numerical approach to study influence of internal thorax (rib cage
geometry and joints) parameters on the injury mechanism

- - »  PMHS testing with advanced tracking
initial e 7 .
N ane = o Y system for 3-D deformation

Londing| e e N o Loing oo bone s measurements

direction e .

, : »  Personalised FE models for each
oA (( ; E) subject
Vertial rib cage Horizontal i cage it > Allow to isolate geometry from other
Joint rotation with "!I)Il‘::"iz:nl:l;:l'l‘a:;sl;nwgl:e ! - i
Influence of rib initial angle (v)er;";;;endhgfilg;ction mechanism (adapted from Kent et al. 2005a) pa rameters Ilke mat.erlal propertles
a) Vertical rib cage b) Horizontal rib cage; and cross section thickness
Initial studies on isolated rib cages

Loading
direction

show that the rib cage morphologie
(e.g. orientation, curvature spine,
curva rib and their distribution) is
influencing the response

Influence of internal organs
investigated by future PHMS tests in
THORAX

.
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TH@RAKX

Concepts of different level of complexity developed and discussed with Stakeholders from Governments & Industry

WP3 Dummy concept

European
Enhanced

Fos

Vehicle-safety

Committee
ko Advisory Group

Meeting
gn\RJ
THORAX
GAMeeting
2010

=™

I GRSP: Dummy Workshpoan di

Recommendations:

>
>

Base design on 2010 THOR NT

Include instrumentation to study
proposed & existing assessment crit.

Allow for minor updates like chest
stiffness redistribution and shoulder
design (introduce SD Shoulder)
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VC =S8caling factor-
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Defkonst dt
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TH@RAKX Outlook

Key work items for next period
» Completion of the biomechanical requirements by Jan 2010

» WP3 to deliver 2 prototype dummies to partners for testing
of biomechanical performance in Jan 2011

» Development of Injury Risk curves by Dec 2011
» Risk functions of humans (considering diversities)
» Risk functions HBM'’s ' 2N
» Risk functions of hardware demonstrator

» Sled testing to assess dummy performance for
restraint optimisation Aug 2011 — June 2012
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Please visit www.thorax-project.eu for mor

Thoracic injury assessment for improved vehicle safety

THE)

About THORAX Consortium Events Downloads Contact Links

Project summary

Thoracic injuries are one of the dominant
causes for fatalities and injuries in car
crashes today. The tools available today for
studying these injuries are not up to par with
the latest implementation of restraint
systems and airbags.

The THORAX Project will focus on reduction
and prevention of thoracic injuries through:

# Understanding the thoracic injury
mechanisms

» Implement this understanding in
numerical computer models and

& Implementation of an updated THORAX
design in a crash test dummy

The models and dummy will enable the
design and evaluation of advanced restraint
systems for a wide wvariety (gender, age and
size) of car occupants.

Learn more about THORAX project =

Co-funded under 7th FP (Seventh
Framework Programme)

[ m

SEVENTH FRAMEWORK
PROGRAMME

Facts & Figures

About 41,600 people were killed and more than 1.7 million injured in European
road accidents in 2005, Although the number of road fatalities has declined by
more than 17% since 2001, more efforts will have to be made to meet the EC's
target of halving the number of deaths in the period between 2001 and 2010.
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Events

ISN & COVER Workshop on
Biomechanical Experiments
with Human Subjects
September 14, 2010

Hanowver, Germany

information and call for papers:
FDF

17th Congress of the
European Society of
Biomechanics 2010

July 5-8, 2010

University of Edinburgh, UK

View all events =
News

# Presentation during the
6th World Congress of
Biomechanics available

& Second COVER Newsletter

* THORAX Stakeholder
Warkshop an Dummy
Demanstrator
Requirements

o ISN & COVER Workshop
on Biomechanical
Experiments on Human
Subjects, Call for Papers
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