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TH@RAK

Background

» The trend of increasing performance of vehicles in consumer

rating programs is in contradiction with observations from

accident data

This is due to several reasons among which the usage of
Hybrid Il dummies developed in the late 70ties

Crashw orthiness ratings

HIll thorax was designed to assess injury risk related to

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
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UK Safety Rating vs. Overall Star Rating

\\ —All types of crashes
N N —Frontal impacts
RO — Side impact crashes




TH@RAX Objectives

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)
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Identification of the two most relevant thoracic injury types from
real world accident data

Head: 17%

Thorax: 71%
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Spine: 3% 3 0
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Characterization of injury mechanisms and governing parameters for
these injury types, quantifying effects of user diversities like age

Lower
extremities: 3%

Distribution of
injuries over body
regions for fatal
2 (AIS 4+) injuries

Abdomen: 6%

Upper
extremities: 0%

» Using PMHS test data and HBM simulations

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

Development of injury risk functions

Assessment of the sensitivity of the hardware demonstrator to modern
vehicle safety systems and usability in safety system optimization
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¢ Load cases and
evaluation criteria

43

® Biomechanical ® Requirements

requirements

e Prioritisation of
thoracic injuries

* Dummy concepts
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e Real world e Testing
accident outcome
versus crash test

results

e \olunteer testing

¢ Design and

prototype e Data analysis

* Injury mechanisms
& assessment crit.

WP2: Biomechanics
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é development

¢ Benefit
estimation

¢ \alidation of
biomechanical
performance

* PMHS testing

WP3: Demonstrator desi

e Injury risk curves

WP4: Assessment for restraint o
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WP1 Accident s

m Upper abdomen

M Lower abdomen

m Other abdomen

M Heart

W Lung _
m Shoulder

wRibs < —
m Sternum

Other thorax
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T“@BAK WP1 Comparison accident cas

cCIS severity: shght

Make:
e:
]
ETS (kph): g ———dodel: " Ta3
Object hit: = dv (kph): 31—
Overlap: H -
. 37 R
Loading: O/S Tongitudinal was ioag f:tr: pa: i ;.ned?:da :lc:ated
was not directly loade aded, both crumpling and usion: teening wheel -
‘ d but was crumpled. The enqi 9 bending. The N/S longitudinal S ¢ teqd
J ngine was directly |\ 3 activa!
\ - oaded.
g 2 e TenceiT|
e —] |
A5 [ Injury mechanism | Influenc
Tnjury: None ::g:;n intrusion?
—_____‘___’_’_——-__’-——_‘
unknown

passenger (left side): Personal data [ CCIS Severity: Serious

Gender: [Female _ [ Age: 26
Height (m): Unknown Weight (kg): [ unknown

T di AT TE EuroNCap Test Seating / Restraint data
. Pretensioner: Fitted and activated | Load limiter: Present, not
G _— activated
Airbags: Facia - activated, Seat back g
Body type small family car own seat back - not o s
activated, curtain -

Year of publication 2003

Frontal Impact Test: The restraint system Used single stage tethered airbags teamed with belts fitted with pre-

tensioners and load limiters. These worked well although loads on the occupants’ chests were a little high.
Unfortunately the driver risked knee injuries from hard points behind the fascia. The body proved very strong after
nd the sill and screen pillar areas, while the footwell suffered only minor

the impact showing minimal distortion arou
deformation.
o " Summary:
4 Score: ary: Euro
frontal _Frontatl Rating f—] s o me,:ﬁ::, Drfedu PP —
impact . AlS 1 passenger. This occ axfor the front seat
G0 driver sZenger Front: 12 — AIS 2 injury to this rgglonf::“ sustained only one
o ) Side: 16 —grd fracture seems harsh groes ooV /0¢
ADEQUATE AlS 4 occupant and the low :uvlen the age of the
CUPANT e
B MARGINAL “:”": °f i 29 FSP load limiter was not :amV of the crash, The
AKX WRRHAW Possibly settog high vated and was
gh for claviel
Pl Pretensioner activate cle protection The
I
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TH@RAKX

WP2 Biomechanical req

1000 4
900

800 A
700 A
600 -
500

400
300 4
200

Hub

|
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Effective Stiffness (N/em)

N

Summary of stifness trends (Kent et. al.)

Dist

s

Double

¢ Int Den Evisc

Int Den Evisc
Tissue Condition

Int Den Evisc

Body region Type Absolute | EEVC NHTSA ACEAISO THORAX
Relative (ESV 2003) (GESAC 2005) (Draft June 2010) {Draft October 2010) ;
Tarnvall (2008)
Vezin (2002) » 3-ptbelt, three impact
Sled Absolute |» Tworestraint conditions; two [Mone defined MNone defined directions, 26.5 kph
speeds Shaw (2009)
« 3-ptseat-belt, 40kph
) . ) ] ) Davidsson (2010)
Quasi-static | Absolute  |None defined Mone defined Mone defined
Shoulder : » THORAX tests
Schneider (1992) Cesari and Bouguet (1990)
+ (luasi-staticthorax regional (plus L'Abbe (1982), Riordain
coupling (1991), and Cesari and Bouquet
Table-top Relative [Mone defined ) Mone defined (1994)
Cesari ar_'ld Bouque_:t(‘lggp-) Beltloading — relative regional
Beltloading —relative regional compression: PMHS and
comprassion volunteer '
Vezin (2002)- NB: moretests |Cesari and Bouquet(1990) Shaw (2009)
Sled Absolute  [required = Beltloading —relative MNone defined . 3ntseatbelt 40 kph
Thoracic + Sled:seeshoulder regional compression P : P
spine . . i
Quasi-static ) Several tentative proposals ) )
component - Mone defined (mostly embalmed PMHS) Mone defined Mone defined
Lebarbé (2010)
Kroell (1971) Meathery (1974) Lebarbé (2010) + Basedon Kroell (1971),
+ Frontal rigidimpactor: « Frontalrigidimpactor: 4.3 |«  Pendulum impactor tests INRETS, and CEESAR
234kg; 43 and6.7 mis mis based on Kroell (1971), » Frontal rigidimpactor:
Impactor | Absolute INRETS, and CEESAR data | 23.4kg; 4.3 mis
Yoganandan (1997) Yoganandan (1997) ' Frontal rigidimpactor: Yoganandan (1997)
» (Oblique paddedimpactor: |« Oblique paddedimpactor: 23.4Kkg; 4.3 and 6.7 m/s * 0Oblique paddedimpactor:
234kg; 4.3 mis 234kg; 4.3 mis 234kg; 4.3 mis
Bolton (2006)
Thorax * Lapbelt& airbag, two
speeds
Vezin (2002)- NB- more tests Proposed Shaw (2009) ggg‘;a“ (2006) (notinc. Shaw
Sled Absolute  |required Mone defined » Sled:lap and diagonal seat- |
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T“nnx WP2 Injury mechanism and ass

6kN belt only

Number of Fractured Ribs Deflection Combine

Dc

,%\, Combined deflection Dc:
~

Dc = Ds + ¢; [(AD — L)+| AD — L[]
Ds = Mid sternal deflection
AD = Lower thorax differentail deflection
L. = Characteristic length
¢; = correction factor
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Rib initial —
angle Ly ib initia
- angle
More joint rotation, Loadi Less joint rotation,
Loading less bone strain 0ading  more bone strain
direction

direction

Vertical rib cage
Bony deformation with

Joint rotation with
"vertical” rib angle "horizontal” rib angle

Influence of rib initial angle on the deflection mechanism (adapted from Kent et al. 2005a)
a) Vertical rib cage b) Horizontal rib cage;

Thorax

Spine
fixture

Loading
direction

Accelerometer
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TIIBA)( WP3 Dummy concept

Base design 2010 THOR NT with updated pelvis, femur, knee, neck installed
Include instrumentation to study proposed & existing assessment criteria
Minor updates in chest stiffness

Using updated SD2 shoulder and adjusted arms

In dummy DAS

VVYVYYVYY

YCFC600 ‘dYCFCéf)G

VC =Scali tor-
caling factor Defkonst _dr
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Dummy updat
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TII@BA)( SD2 changes -

Simplified shapes
for machining

Coracoid and scapula parts
now combined into one

Clavicle same profile as SD2
Durable ball and clevis joint

Revised humerus joint based on
THOR adjustable friction and
stable position

Corrected
Sterno-Clavicular joint position
to match UMTRI

18-4-2012




TIIIHI)( SD2 changes -

Shoulder pivot, spring housing, rib
Improved bearing shelf integrated

material on all shafts \

Threaded hole for position
measurement and film target mount

PTFE pad removed metal parts
to have low friction coating

Adjustable joint friction with
Belleville washers

rib 2 Interference

removed
14



TII.RAK Chest response tuning NHST.

» Based on NHTSA 2005 Biofidelity 4.3m/s
pendulum test corridor without muscle

641 4.3m/s upper thorax impact

tension Rib set 1 Average 52.2mm, 2.86kN

» Changes include
_________ /z:;g'f;,___a":" y
. . . . i rmsars L ) 3 ‘
> Reduction of damping material thickness ~ * i et
” " N
= cm~~o_¥ Py ! N
. ,y” . . d . k 22 1 - s =2 1, — f
» Ensolite foam %” inside jacket : _ »
= i o |2 3 ! | = = 641 Mean upr X, 2.816730508 kN, 51.47 mm
Y A e {0 !
M Bas L 1 ne
» Mean upper CRUX X displacement ) i
. !
"’l’ ,',,/ ," ," = =~ NHSTA (intemal)
. 1 | L% 1 ,
» 3 repeats on 3 rib sets i 4 ;
o P ]
) z '
L5 T l;’ == NHSTA (intemal)
#
) G
| P & i
5 0 - 10 Z‘ﬂ 3‘0 40 5‘0 66 70 B’ﬁ 920 100
. deflection [mm]
629, 630, 631 4.3m/s upper thorax impact : - 642, 645, 646 4.3m/s upper thorax impact
Rib set 3 Average 54.3mm 2.88kN ;
g 3 ST Rib set 2 Average 51.4mm, 2.81kN = e
3 kN, 54.705 mm 3 51.775
/Y . mm
- Ea PN
2z, sk
i, el | #72 TN o F ek
S T R (s X peer 7o T ) 2.5 e - z 4 N,
7 F % (N YT | % g~ g
/" /I/ ‘\ ~ 630 Mean upr X, 2.89051897 /,‘:' 1 ' ’ \ =~ 645 Mean upr X, 2.770407155 kN,
z R 14 % kN, 54.425 mm = A ! " ALz
5 = i i 2. iy
g i / I’ \,\\\\ - i 'IT ', g 2 ) /’ r o = ,"’I,‘ :
E N ) LTy ! i ,1}’5‘-‘:4-'._ Sl '
E / o e ’ [ 5 e e s e " '
315 % LAV : 315 ",‘I /f” ! — — 646 Mean upr X 2.812567928 kN,
g :’ ‘: 7] ,' = = 631 Mean upr X 2.871856687 P l’ ,,,l" ,' 50.785 mm
h ,/’,l ! kN, 53.255 mm 3 w! !
1 ! v '
! % ! y h
1 1 1 iy I 13
: {/I:’ ] f g '’ :l I
! 254 | ! ‘y H i - = = NHSTA (internal)
7y ' ! i > ‘r I 1
g 2 s : — -~ NHSTA (internal) 0.5 ' ) ,’
17 ] O ] 1
Ly i 1 Y.
_/,” 1 ,' ,j’/ = .' :’
- -
0 === " + 0 e T T T
0 10 20 30 10 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
deflection [mm] deflection [mm]
15
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Lebarbe frontal Biofidelity corridors 4.3m/s
pendulum test corridor without muscle tension,
based on external chest deflection

» (includes soft tissue compression outside

the ribs)

Summation of CRUX X displacement and

calculated jacket compression
3 repeats on 3 rib sets

629, 630, 631 4.3m/s upper thorax impact

3.5
. 629 External upr X 2.878090728
Rib set 3 Average 58.1mm 2.88k k), 5245584110
3
<<<<<<< 529 Norm. Ext. Upr X
2.793855669 kN, 57.82467868
/\/ mm
25
630 External upr X, 2.89051897
kN, 58286262902 mm
g
< 2
g 620 Norm. Ext. Upr X,
E 7 5 2.805920165 kN, 57.59119269
2 (| mm
215
2 / 631 External upr X 2.871856687
_‘,“ kN, 57.70930664 mm
1 H
| A Y A A N S O 631 Norm. Ext. Upr X
2.787804084 kN, 57.0422679
? . mm
0.5 —
- 4
7 ——— ACEA external deflection
//
0 T T
0 10 20 30 40 50 60 70 80 90 100

deflection [mm]
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3

Pendulum force [kN)

35

25

Pendulum force [kN]

0.5

T“.nnx Chest response in Lebarbe 201

641 4.3m/s upper thorax impact

deflection [mm]

642,645, 646 4.3m/s upper thorax impact

Rib set 2 Average 55.3mm, 2.81k

" Rib Set1 Average 56.0mm, 2.86kN

639 External upr X 2.820401675 kN, 56.62601015
mm

£39 Norm. Ext. Upr X 2.795098221 kN,
£5.97247404 mm

=540 External upr X, 2.850384604 kN, 56.07918641
mm

wsesees 640 Norm. Ext. Upr X, 2.776667763 kN,
£5.42196133 mm

——— 641 Exteral upr X, 2.816790508 kN, 5530825004
mm

------- 641 Norm. Ext. Upr X, 2.734242565 kN,
£4.66992255 mm
——— ACEA extemal deflection

—— Upper ACEA

Mean ACEA

—— 42 External upr X, 2.243606478 kN,
55.56764279 mm

------- 642 Norm. Ext. Upr X, 2.760380693
kN, 54.92632157 mm

645 External upr X, 2.770407155 kN,

55.64320447 mm

645 Norm. Ext. Upr X, 2.689323746
kN, 55.0017031 mm

646 External upr X 2.812567928 kN,
54.57526825 mm

------- 646 Norm. Ext. Upr X 2.72025057
kN, 53.94540029 mm

—— ACEA external deflection

——— Upper ACEA

Mean ACEA

40 50 60

deflection [mm]

70 80 90 100
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Harmonization NHTSA / FP7 THORAX

» Good exchange of info EU FP7 THORAX and NHTSA

» Thorax
» Chest stiffness aligned
» Both using 4 3-D IRTRACC'’s for multiple point assessment criteria

> EUtFR7 THORAX also uses strain gages for local strain based assessment
criterion

» Shoulder

EU FP7 THORAX has updated the SD2 shoulder to improve robustness etc.
Taking into account remarks from US

Updated shoulder will be provided to UVa for testing

First evaluation meeting UVa / NHTSA planned for July timeframe
involving THORAX partners

YVVV

»  Other dummy parts

» EU FP7 THORAX uses THOR dummies with upgrade kit for pelvis, femur
and knee

» Neck not included as this is minor detail only
» Lower leg not included as this part is not influencing the thorax response - -

»  Assessment criteria
» Open dialogue between US and THORAX on criteria

> F_rench,Propos,aIs_: local NFR and global Dc (sternum deflection and left —
right differential in lower thorax)

» UVa studying extended version of Dc (using left — right differential in
lower and upper thorax)

GRSP |G Frontal Impacts 17



TH@RAX Timeline

 — —..
SEVENTH FRAMEWORK
PROGRAMME

PMHS and Volunteer Testing

Requirements shoulder / thorax complex

Jok ek Includes occupant

European Iniurv risk curves diversity aspects
NHTSA = AR Jury ke young / old

www.nhtsa. %
TIETEY committee

Dummy design & Certification
prototyping procedures

Anthr. & Biomechanical Eval.
April 2013

end of
project

Restraint & loading sensitivity,

durability, R&R, handling
GRSP IG Frontal Impacts



THOR Activities NHTSA

Upgraded dummies

Fully metric dummy

Repeatability Reproducibility Biofidelity
Kinematics | Kinetics DL&T;”%;"' Lab-todab vs.PMHS | vs. Hybrid Ii
Certification Sled Testing Vehicle Testing
- vy
Y
Durability Usability
Robustness |Repair History Data quality Fegc?g;ck
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’ &
[imeline THOR Activities NHTSA . *
End of THORAX
project
< &
2010 2011 2012 2013
JA|SO|(ND|JF|MA|MJ|JA|SO|ND|JF| MA{MJ|JA|SO|ND|JF|MA|{MJ|JA|SO|ND
Injury Criteria
Completed Repeatability Development . i
Mod Kit Usability Roﬁre“iﬁ'i‘)b'”
THOR-NT (#1) Durability Biofidelity g
Evaluation
(W} | | | | | | Injury Criteria
ECE Task 1.3 Repeatability Development
; Mod Kit Reproducibility
=) upgrade of Usability
fi THOR-NT (#2) Durability Evaluation and Documentation of
T | | | | | Durability, Usability, Biofidelity
Task 2.2 Repeatability
Fabrication of Reproducibility Finalization of Procedures:
complete Mod Kit Usability Certification, Seating, Data Processing
THOR-NT (#3) Durability
| | 7 | | | | | | | | | | |
Milestone:
Task 1.4 Task 2.3
Draft Mod Kit TDP Draft Mod Kit TDP NHTSA Agency
Decision
KEY:

|:| Completed
|:| In Progress
|:| Planned

fI

fI

Milestone: Final
Mod Kit TDP

Milestone: THOR-NT
TDP




TH@RAKX Outlook

Key work items for next period

» 3 prototype dummies shipping to partners next week for testing
» Currently being tested at Humanetics

» Evaluation biomechanical performance May — July 2012

» Development of Injury Risk curves by Sept 2012
» Including consideration of age

Y

Sled testing to assess dummy performance for restraint optimization Aug 2012 — Jan 2013
» 1 set of shoulders being provided to US for evaluation

o irvET<M_ LB.M.C.



Please visit www.thorax-project.eu for mor

T“.nnx Thoracic injury assessment for improved vehicle safety

| Home

Consortium Events Downloads Contact Links

About THORAX
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:

e Understanding the thoracic injury
mechanisms

e Implement this understanding in
numerical computer models and

e 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 variety (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

Hanover, Germany

information and call for papers:
PDF

17th Congress of the
European Society of
Biomechanics 2010

July 5-8, 2010

University of Edinburgh, UK

View all events »
News

e Presentation during the
6th World Congress of
Biomechanics available

e Second COVER Newsletter

e THORAX Stakeholder
Workshop on Dummy
Demonstrator
Requirements

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

powered by Uniresearch ® 2010
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