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GARMENTs
// EN 13595

// prEN 17092

BOOTs
// EN 13634

IMPACT 
PROTECTORs

// EN 1621.1
// EN 1621.2
// EN 1621.3
// EN 1621.4	

GLOVEs
// EN 13594	

HELMETs
// ECE 22.05

European Standards 
Deliverable 



Standards 
Deliverable 

Deliverable 3.5: Standards in PPE, A Survey
http://www.motorist-ptw.eu



D| IMPACT ANALYSIS 



Hard shell effect

Vent holes effect

Temperature effect

Publication 
Journal 



Polymeric Sandwich Structures 
Impact Properties 
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Cervical Spine & Lower Head
Biology of neck



Loading Mechanism
Kinematics of neck



Neck injuries
Classification



Association of Advancement of Automotive Medicine, 2004

Injury Severity
Abbreviated injury scale
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Neck Injury & Head Impact Speed
Accident analysis



Body Impact Angle
Accident analysis



Head Impact Angle in Sagital Plane
Accident analysis



Head Impact Angle in Transverse Plane
Accident analysis
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HANS Devices
Developed



Concepts
Prototypes
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Prototype 1
Using foams

	This	slide	has	been	leL	blank	due	to	confidenAal	reason	



Prototype 1
Phase 2
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Prototype 2
Using elastic bands
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Prototype 3
Using airbag
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TYPE WEIGHT COMFORT
(TO WEAR)

610 gm

235 gm

90 gm

RIDER’S 
DYNAMICS

INJURY 
PROTECTION

(Ref)

?

FUNCTIONAL 
POSSIBILITY

Extension
Flexion

Lateral bending
Torsion

PROBLEMS

- Placing and keeping the 
brace fixed

- Shear effect due to 
hardness laterally

(Ref)

- Position of the foams
- Shape of the foams
- Shear effect due to 
hardness laterally

- Fixing the system with 
helmet & jacket

- Opening

COMFORT
(WHILE RIDING)

(Ref)

220 gm
(deflated)

Extension
Flexion

Lateral bending
Torsion

Extension
Flexion

Lateral bending
Translation

Extension
Flexion

Lateral bending
Compression

- The thickness during the 
inflated condition

- Difficulty in properly 
designing the geometries

Comparison
Dainese hybrid neck brace and prototypes
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HYBRID III 50th PERCENTILE MALE	 HYBRID III DUMMY DEVELOPED AND 
DISTRIBUTED BY LSTC  

Dummy
Models



PISTA GP AGV E2205 MULTI GRAN PREMIO *AG400: COMPOSITE SHELL + EPS PADDING  

*The helmet model has been provided by Alessandro Cernicchi ©	

Helmet
Models



Neck Protecting Devices
Models
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Case 1	 Case 2	

Case 4	Case 3	

Case 5	

Different Scenarios
Impact analysis
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A Simple 3D Neck Model
Development of D-neck model



Validation of the Model
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Effect of the Body Position
Compression  impacts



Effect of the Body Position
Nightingale’s compression  impacts

Nasim M., Cernicchi, A., Galvanetto U., The Effect Of Human Body Positioning On Neck Injuries During 
Compressive Impacts, Proceeding of International Conference on Impact Loading of Structures and Materials, 

Xi’an, China, 2018. 



A Simple 3D Neck Model
Development of D-neck model

169060 elements  



Validation of the Model
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Experimental Model 
Assumption of the test dummy model



Case 1: Sliding +15o 
Probable experimental setup
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Case 2: Sliding -15o 
Probable experimental setup
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Case 3: Sliding Lateral
Probable experimental setup
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Case 4: Inverted +15o 
Probable experimental setup
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Case 5: Inverted 0o 
Probable experimental setup

	This	slide	has	been	leL	blank	due	to	confidenAal	reason	



Case 6: Inverted -15o 
Probable experimental setup
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D| NEXT STEPS



Other anthropomorphic Human models specially Head-Neck model.

Different helmet models.

Expertise for the Standard development.

       Biomechanical Department

       Test-houses

Adjustment of the problems observed in the prototypes.

Experimental set-up for practical evaluation.

        Head position relative to torso.

        Neck axial and shear forces. 

        Neck bending moment at occipital condyles.     



Future Needs
Discussion



Innocuousness and Ergonomics.

New Neck Anthropomorphic Test Device.

New Test Method(s)

Neck Injury Assessment Metric(s).



Standards
A draft proposal



Development of the Experimental Setup
Anthropomorphic test device
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