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INTRODUCTION

One of the most frequent and severe injuring in
almost all types of accidents

Standards ? Upon criteria based on research
performed more than 30 years ago

Injury potential is assessed against HIC based
on the linear acceleration of a single mass

Helmet optimisation against biomechanical
criteria Is possible



all motorcyclists

n =270

Importance of motorcyclist’s head
(from COST 327)
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Hybrid Il Head Model
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Human Head Modelling
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FE MODEL BUILDING

FE model building

Rebuilt skull surfaces Skull meshing






CSF ANF FACE MODELLING

Brain and CSF Face



MECHANICAL PROPERTIES OF FE
MODEL COMPONENTS
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FE MODEL VALIDATION AGAINST
DIFFERENT IMPACT CONFIGURATIONS

Impact| Impactor Impactor Duratlon
area ka] veloc [ ] maxi| maxi
[m/s] [g] |[rad/s?]

cylinder with
padding 6,3 6900 | 198

[5,6]

steering wheel
- -I
rlgldsphere
I-

Brain motion validation agains Hardy’s Impacts (2001)



Adgainst Improved Injury criteria



Atempts for new tolerance Limits

FE head modelling and accident simulation

Zhou et al. - 96, Kang et al. - 97, Newman et al. —
99

King et al. 2003

Experimental accident reconstruction
Chinn et al. - 99, Willinger et al. - 2000

Animal models

Ommaya et al. - 67, Ruan et al. - 94, Zhou et al. -
94, Anderson et al. - 99



Head Injury Mechanisms

Brain Interface Skull

Hématome épidural
Dure mére

Contusion
EDH

Fracture



Injury mechanisms and mechanical parameters

Skull fracture ~ Bone loading
Extradural Heamatoma >~ Bone loading
Subdural Heamatoma Brain-skull relative motion

v

Focal brain Contusion

v

Local brain loading

Diffuse brain axonal
or heamorragic injury ~» Brain loading




ACCIDENT RECONSTRUCTION

Pression [Pa]
. 2,3E+05

Real world head impact
simulation

- Motorcyclist accident (13)
- Sport accidents (22 )
- Pedestrian accidents (29)
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=oerimental accicdent replicaiion

—

Experimental accident replication Validation parameters

Measured dummy head -:> Rigid skull applied velocity
acceleration field field




Position du piéton au

Jr=r Accident data

\ / Windscreen damages

Head superficial wounds

Initial relative angular position and velocity

between the head and the windscreen



Pressure
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ULP Injury orediction Assesrrient

) Sub-dural and sub-arachnoidal haematoma — Histograms

Global strain energy of the sub-arachnoidal space
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ULP Injury orediction Assesrrert

B> Sub-dural and subarachnoidal haematoma — Risk curve

Injury risk
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ULP Injury predictior Assesrrerii

> Moderate neurological injuries — Histograms

Intra-cerebral \Von Mises stress
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ULP Injury predictior Assesrrerii

> Moderate neurological injuries — Risk curve

Intra-cerebral \Von Mises stress
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ULP Injury prediction Assesrrerii

) Severe neurological injuries — Histograms

Intra-cerebral \Von Mises stress
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ULP Injury predictiorn Assesrnerii

) Severe neurological injuries — Risk curve
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ULP Injury prediciior Assesir

=) Skull bones fractures — Histograms

Global strain energy of the skull
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ULP Injury predictiorn Assesrnerii

B> Skull bones fractures — Risk curve

Global strain energy of the skull
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Reacall ULP Crilierla

New head injurie criteria to specific injury mechanisms

Sub-arachnoidal haematoma

@® Global strain energy of the sub-arachnoidal
space > 5 J

|:> Moderate neurological injuries
@ Intra-cerebral Von Mises stress > 18 kPa

|:> Severe neurological injuries
@ Intra-cerebral Von Mises stress > 38 kPa

|:> skull fractures
@ Global strain energy of the skull > 2.5 J




HELMET MODELLING




Literature review

Mills et al. (1988)

Yetram et al. (1994
Guimberteau et al. (1998) (1994)

Vetter et al. (1987)
Brands et al. (1996)



Meshing Extrusion for foam modelling

External surface Outer Shell Foam
of the Helmet (524 Shell elements) (1675 Brick elements)
Thickness 4mm Thickness 40 mm




Foam compression tests

Mechanical properties

Vt+l+Vt)*1

{(

2 f

1

Contrainte [Mpa]

2

18 |
16 |
14 1
12 1

1
08
06 |
04
02 ¢

0

00 01 02 03 04 05 06 07 08 09 10

Déformation



Component

QOuter shell

Protective
padding

Headform

Mechanical properties

: P
Material | Model |E [GPa]| v [kg/m3] Comment
Thermo- - finear- 15 [0,35| 1055 Thickness = 4mm
plastic elastic
Expanded elastg- 1563 | 0,05 o5 _Thlckness = 40mm
polystyrene | plastic Yield stress = 0,35MPa
aluminium | rigid 27 0,3 Mass = 4,27 kG




Model Validation (1)
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Model Validation (2)

Acceleration [m/s2]




Validation at P Point

SIMULATION DU CHOC EN P CASQUE-HEADFORM Time = 0000000 |
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Coupling of the helmet
with

the human head model




Human head model coupled to the helmet FE model

Front Impact

Regulation ECE R022

\ 8

Impact speed 7.5 m/s




Results in terms of intra-cerebral parameters

\on Mises
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Parametric study



Parametric study

Values

Parameters

- +

A Young modulus of the foam  FREISE 8L A EICH § 220
Shell thickness 2.8 mm 5.2 mm
Young modulus of the shell 10.5 GPa | 19.5 GPa

Foam elastic limit 0.21 MPa |0.455 MPa
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Mechanical characteristics of the 16 virtual helmets : +/- represents +30% of reference value.




Results in terms of HIC and Max Acc

@ All virtual helmets present HIC < 2400
@ Max Acceleration < 270g
® ﬁ foam yield stress

2N HIC

Maximum de laccélération du CG du headform (mfs)
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Results in terms of pressure and shearing
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@ Correlation between P et VM
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@ Foam yield stress and Young modulus .-
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Conclusions

Presentation of a state of the art head FE model
Proposal for new head injury criteria

Devlopment of a full face helmet model

HIC is linked to foam yield stress

Intra-cerebral pressure and shearing highly correlated

Foam yield stress and Young modulus of high importance in the
optimisation process

HIC optimisation is different then P and VM optimisation
Optimiser / P et VM




Thank you for your attention

willi@imfs.u-strasbg.fr
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