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y Primary & Secondary

 GOALs

New PPE development (focus to neck)
& Designing
% Prototyping

k ® Virtual & lab testing

Associated Standard Improvement of impact protection
@ A draft proposal ® Energy absorbing material
% Comfort

© Virtual & lab test
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O Hard shell effect
& Vent holes effect

& Temperature effect
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Understanding the impact properties of polymeric sandwich
structures used for motorcyclists' back protectors

@ CrogsMark

Mohammad Nasim ***, Michele Brasca *, Siamak Farajzadeh Khosroshahi ®,
Ugo Galvanetto °

2 R&D Department, Dainese S.p A, 36060 Molvena, ltaly
" Department of Industral Engineering. University of Padova, 35121 Padova, Jraly

ARTICLE INFO ABSTRACT
Article fistory: Conventional back protectors are comprised of two main parts: elastomeric foams to absorb the impact
Received 31 March 2017 energy; and thermoplastic polymers to distribute the impact force on a wider area before the absorption

Accepted 18 May 2017

. process, Thermal comfort is usually maintained by vent holes within the structure. In the present work,
Available online 19 May 2017

the impact behavior of a number of samples made of materials commonly used for manufacturng such

protectors was studied. Nitrile butadiene rubber as the soft layer and polyethylene thermoplastic as the

% H a rd S h e “ effe Ct Jl'(rt?hf:nirsur on hard layer were considered. The variables for the analyses were the thickness of the layers, the sample
B::pmﬂ_mﬁ temperature and the distribution of the vent holes in the sample. The key findings are: the force dis-
Polymer sandwich tribution capability of the hard part and the stability of the impact properties with respect to temper-
Passive safety ature varations are fairly dependent on the thickness of the soft part; and a reasonable distance between
Drop test two consecutive vent holes is required for achieving optimal impact protection.

% Vent h O leS Effe Ct Personal protective equipment © 2017 Elsevier Ltd. All rights reserved.

& Temperature effect
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Impact properties

POLYMERIC SANDWICH DESIGN

Nitrile Butadiene Rubber (NBR) as soft layer

. . . . J o
M @) @) ) B

Polyethylene (PE) thermoplastic as hard layer
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Experimental and numerical analyses

EFFECT OF HARD SHELL
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Experimental analysis

EFFECT OF VENT HOLES

B without holes
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Experimental analysis

EFFECT OF TEMPERATURE
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NECK INJURY
PROTECTION

A

[y Biomechanics
i Prototypes
4 Evaluation

& D-neck

D Standards
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Biomechanics of neck

TOLERANCE LIMITs

Neck extension corridor Neck flexion corridor
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K.-U. Schmitt, P. Niederer, F. Walz, 2004 Federal Motor Vehicle Safety Standard for

occupant safety in frontal crash
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Prototypes

Qj': CONCEPTs

k This slide has been left blank due to confidential reason
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PG . Using foams

PROTOTYPE 1

k This slide has been left blank due to confidential reason
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Using elastic & rigid bands

PROTOTYPE 2

k This slide has been left blank due to confidential reason
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@ Usingairbag

" PROTOTYPE 3

k This slide has been left blank due to confidential reason
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COMPARISON

Prototypes and Dainese Hybrid Neck Brace

TYPE COMFORT COMFORT RIDER’S FUNCTIONAL INJURY
WEIGHT (TO WEAR) (WHILE RIDING) DYNAMICS POSSIBILITY PROBLEMS PROTECTION
?
Extension - Placing and keeping the
610 gm (Ref) (Ref) (Ref) Flexion brace fixed
Lateral bending - Shear effect due to
Torsion hardness laterally
Extension - Position of the foams
Flexion - Shape of the foams
Prototype 1 235 gm A A Lateral bending - Shear effect due to
Torsion hardness laterally
Exten.s lon - Fixing the system with
Flexion helmet & jacket
Prototype 2 90 gm Vv A A Lateral bending J
. - Opening
Translation
Extension - The thickness during the
Flexion inflated condition
2208gm
Prototype 3 (deflated) A A A Lateral bending - Difficulty in properly
Compression designing the geometries
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DIFFERENT SCENARIOS

Case1

CISAS
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Physical and FE models

DUMMY

HYBRID Il FE MODEL DEVELOPED AND

HYBRID Ill soth PERCENTILE MALE
DISTRIBUTED BY LSTC CORP.
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Physical and FE models

HELMET

o e
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PISTA GP AGV E2205 MULTI GRAN PREMIO

* COMPOSITE SHELL + EPS PADDING

*The helmet model has been provided by Alessandro Cernicchi from Dainese©
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@ Physical and FE models

" NECK PROTECTING DEVICEs

k This slide has been left blank due to confidential reason
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g Results of the simulations

" KEY REMARKs

T Stiff material £{® lateral flexion
™ C-brace ®7 low-side frontal impact

© Stiff hump &® low-side rear impact
k ® Collar &7 high-side frontal impact
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Results of the simulations

KEY REMARKS

T
T
T
T
T

Acceptance of the results? &3
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A simple 3d neck model

DEVELOPMENT OF D-NECK MODEL
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— . Adraft proposal

STANDARDS

@ Ricotest: me-int 088 rev. 10 neck brace disciplinary.
@ Numerical analyses.
™ Experimental test setup.

k » Head position relative to torso.

» Neck axial and shear forces.
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Summary
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