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Abstract

This deliverable aims to describe a series of test procedures that have been designed
throughout Tasks 3.1 to 3.3 of the PIONEERS Project. These test procedures intend to
establish a methodology to assess the effectiveness of the safety systems that have been
developed in the PIONEERS Project in order to enhance motorcyclist safety.

On one hand, test designs to assess the effectiveness of PPE (Personal Protective
Equipment) designs have been developed in Section 3. The PPE tests that are included in
this deliverable are: Impact and Abrasion tests, Ankle Impact Tests, Torso Impact Tests with
Airbag device, helmet testing and neck protection testing. On the other hand, test
procedures to evaluate on-board safety systems have also been developed in Section 4 of
this document. These tests include sub-system tests for pelvis PPE test design and Safety

leg cover design; and full-scale crash tests.

To increase the safety of PPEs, one of the current impact abrasion test methods was
improved and adapted to study the risks of soft tissue injuries and failure of fabrics during a
crash. Sample holders equipped with sensors were engineered to further explore and
measure the mechanisms of fabric failure during impact abrasion testing with the AART
machine. Two test setups were developed to measure the temperature rise of a fabric during
an abrasive slide. To measure the moment of hole formation and the impact force of the
sample holder on the tile two other test setups were designed and created. To improve the
factor impact in impact abrasion testing, the AART machine was altered to generate extra
force solely on impact. To better understand the garment failures that occur during real-world
crashes a crashed garment analysis was conducted. After macroscopic and microscopic
examination of the crashed fabrics a new categorization for fabric failures was proposed

based on the cause of the failure.

From P P E dnpact side, new tests methods have been designed in order to be available to
test new par amet er adin§. dhe inversien-egersikn aadextension-flexion
movements are considered as the main part of the essay.

Has focused on the development of EN 1621-4 and EN 1621-5 by implementing a new test
machine for impact on thorax in order to have a better and more complete test method for

motorcycle airbag jackets.

The proposals have been developed within the design process in T3.1, andt he pa
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prototypes will be tested during T3.5. A deviation analysis between the expected and the

obtained results will be done in another stage of the project.

Regarding head and neck protection, PIONEERS project describes two approaches. The
first is a test method for helmets and the second is a proposed geometrical assessment to
consider the interaction of helmets and neck braces. The helmet test method is proposed as
an update and extension of the widely used UN-R22, which defines the mandatory
requirements for motorcycle helmets in the EU. PIONEERS project proposes to include
oblique impact tests in order to better simulate real world impacts of motorcycle riders. In
addition the test conditions are also updated to be more realistic. To fully exploit the potential
of oblique impacts it also considers the use of a Hybrid-Ill headform as well as advanced
brain injury assessments calculated with the SUFEHM tool. With the proposed helmet test
method the minimum requirements can be set in order to better address brain injury risk of
real world accidents.

To enable an assessment of neck protective devices PIONEERS project proposes a method
to consider the interaction of helmets and neck braces. Currently no standard exists in this
field. As the protection of the cervical spine of PTW riders will need further research and
work beyond PIONEERS project, the proposed method enables the identification of
reasonable helmet brace combinations. With the proposed method the geometry of neck
braces and helmets can be combined virtually to approximate the possible range of motion
of head and neck. This approach can be used in future activities and can also provide

information to customers in to help purchasing the right protective equipment.

In Task 3.3, the test procedures to assess on-board safety systems have been designed. To
do this, the first step has been to identify the target accident scenarios and injuries to be
studied by reviewing the results from PIONEERS D1.1 (Powered Two-Wheelers - Road
Traffic Accident Scenarios and common injuries) and doing an in-depth analysis of
accidentology data to support the development and assessment of on-board safety systems.
Once the scenarios have been identified sub-system and full-scale crash tests have been

designed.

From a sub-system perspective, two different test procedures have been developed. On one
hand a specific test to study the pelvis interaction with the fuel tank, in the event of a frontal
impact, has been developed. This consists in a deceleration test using a mini-sled with a

specific test apparatus (including a rigid wooden fuel tank and a THOR pelvis) mounted on
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top. Al s o, a simplified test met hod to preld.
safety leg cover by means of pendulum tests against a full motorcycle with an adult male

rescue manikin sat as motorcyclist rider has also been designed and tested.

In addition to the sub-system tests described above, in task 3.3; full-scale crash test
protocols,t o assess and validate Pl AGGI Olateral arbab,¢
have been developed. In both cases, the chosen test configuration has been a lateral
impact, where the studied motorcycle travels at a constant speed of 30 km/h and is impacted
laterally (at 90°) by an AE-MDB Mobile Deformable Barrier travelling at either 15 km/h or 30
km/h. In both cases, and in alignment with ISO 13232-4; a Motorcyclist Anthropomorphic
Test Device (MATD) or an adapted Hybrid Il dummy with MATD lower body has been
proposed as motorcyclist rider. These crash test procedures will be tested in Task 3.5 of the
Project, where two crash tests will be done in each configuration, resulting in a total of 4 full-
scale crash tests (two with the DUCATI motorcycle T one crash with lateral airbags and one
crash without- and two with the PIAGGIO motorcycle -one with safety leg cover and one

without).

Legal Disclaimer

The information in this document is provided fAas
the information is fit for any particular purpose. The above referenced consortium members
shall have no liability for damages of any kind including without limitation direct, special,
indirect, or consequential damages that may result from the use of these materials subject to

any liability which is mandatory due to applicable law.

© 2018 by PIONEERS Consortium.
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Abbreviations and Acronyms

‘ Acronym { Definition
AART Advanced Abrasion Resistance Tester
AIS Abbreviated Injury Scale
AS Accident Scenario
EC European Commission
FOV Field of view
H2020 Horizon 2020
HF Head & Face
IR Infrared
LE Lower Extremities

On-board safety systems

Protective systems/ devices that are installed directly on the
PTW

ov Opponent Vehicle
PIONEERS g;of;etgtive Innovations of New Equipment for Enhanced Rider
PPE Personal Protective Equipment
PTW Powered Two-Wheelers
RHA Relative Heading Angle
SDO Standards Developing Organisation
TTS Thorax & Thoracic Spine
UE Upper Extremities
WP Work Package
ROM Range of Motion
HPI Helmet Positioning Index
NBPI Neck Brace Positioning Index
ALL Anterior Posterior Ligament
PLL Posterior Longitudinal Ligament
CL Capsular Ligament
FV Flavum Ligament
ISL Interspinous Ligament
PAAM, AAAM Posterior and Anterior Atlanto-Axial Membranes
AAOM, PAOM Anterior and Posterior Atlanto Occipital Membranes
TL Transverse Ligament
™ Tectorial Membrane
D3.1 Page 7 of 256 14/12/20




PIONEERS

INNOVATION FOR RIDER SAFETY

Cc2-C1 Interspinous Ligament

AE-MDB Advanced European Mobile Deformable Barrier face

D3.1 Page 8 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

TABLE OF CONTENTS

Legal DISCIAIMET ..t e e e e e e e e e e e e e rr b e e e e e e 6
ADbDbreviations and ACTONYMIS ... i e e e e e e e et e e e e et e e e e eta e e e eesaaneeeeees 7
A [ 1 4 o Yo [0 Yo o ] o SR 23
pZZ Y = 1 T Yo Lo Lo Yo V2SRRI 24
3 Test procedures for PPE, helmet and full vehicle ..............oooooiiiii, 26
3.1 PPE test designs for impact and abrasion.............cccccvvvviiiiiiie e, 26

I 200 00t R 1o 11 o o 3 ox 1 o o 26
3.1.2  Preliminary StUAIES ......cccciiiiieiiie e e 27
3.1.3 Test setup to add additional force at moment of impact during abrasion
FESISTANCE TESTING ..ooeeeeeee e 45

3.1.4 AART sample holders equipped with SENSOIS ...........ccovvviiiiiiiiiiiiiiiiiiiiieeee, 55

3.2 PPE test designs for IMPact ..........ccoooeeeiiiiiiiiiiiieeeeeeee e 94
3.2.1 Impact 0N @nkKIe .......coooviiiiiiiiiiii 94
3.2.2 Impact on torso with airbag deviCe ... 104
3.3 Head protection teSt deSIgNS .......vuiiii i e e 109
3.3.1 Review of current helmet testing ... 110
3.3.2 Rationale for Changes. ... 113
3.3.3 Proposed impact test ProCeAUIE.........ccoovviiiiiiieiee e 121
3.4 Neck protection tesSt deSIgNS ........viieieeiiiieice e 129
I 0t R 1 1 o o U ox 1 oI o SR 129
3.4.2 Motivation for IMProVEMENT ...........iiiiiiiie e 136
3.4.3 Geometrical assessment Method ... 137
3.4.4 Concept of a geometrical approach.........ccccccvvviiiiiiiiiiiiiiiiiieeeeee 138
3.4.5 Helmet measurement ProCeAUIE ...........covvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee e 140
3.4.6 Neck brace measurement ProCedUre ............cceveeiiiiiiiieeeiiiie e 147
3.4.7 Numerical assesSMeNnt ProCEAUIE ..........cvveviiiiiie e 155
3.4.8 Use of proposed geometrical asSeSSMeNt..........cceevvvvevviiiiiiieeeneeeeeiiiinnn 161
3.4.9 Model based Criteria .........cuuviiiiiiiiiiiiiii e 163

D3.1 Page 9 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

3.4.10 Outlook regarding neck brace testing ..........ccceeeviiieiiiieiiiiiii e, 202
4  Test design for on-board SYStEMS ......coviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e 203
4.1 Selection of accident CONAItIONS .........ouvuiiiiiiiieiiie e 203
4.1.1 Target accident scenarios and iNJUIHES .......cccceeeveeveiriiiiiiee e eeeeeeiin e 203
4.1.2 Accidentology data for on-board SyStems..........ccoevvviiiiiiiiiiiiiceiii e 204
4.2 Sub-system physical teStS.........coooviiiiiiii 208
4.2.1 Pelvis PPE teSt deSIgN ...cccvvveiiiiii i 208
4.2.2 Safety leg COVEr teSt eSIgN......oiiiee i 212
4.3 Full-scale phySiCal tESTS. .........uuuuiiiiiiiiiiiiii e 219
4.3.1 Evaluation of tests performance .............ccccoeveieiiiiiiiiiiie e 219
4.3.2 Test conditions PropoSal.........cceeeeeeiiiiiiiiiiiii e 220
4.3.3 Definition of crash test ProtoCOIS............ccevvviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 222
S 0] o o 11 £S7 Lo o =SS 231
REFEIENCES ... e e e 235
Appendi x A REVO6I T!: visual, tactil e..24d mic
Appendi x B REVOI T!: reconstructi o.n..of50gar me!
Appendix CREVA6I T!: reconstruction of..gar.mmht f ai
Appendix D REVO6IT!: reconstructi o.n..oR53gar me
Appendi x E REVO6I T!: reconstructi on...ofR54gar me:
APPENDI X Fl rét@nstrddtion of garment failure with impact tester (drop
100 177= T ) TSP OPTTR 255
ACKNOWIEAGMEBNTS ...ttt annenes 256

D3.1 Page 10 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

TABLE OF FIGURES

Figure 1: Impact directions during a motorcycle crash and abrasion testing ..............c...c....... 26
Figure 3: Percentage open wounds from Pioneers DL.L ......cccoviiiiiiiiiiiinci e, 29

Figure 4: Distribution of garment failures according to zoning in EN13595 (from Meredith et al.)

Figure 5: Distribution of skin injuries according to zoning in EN13595 (from Meredith et al.)...31

Figure 6: Health care costs of top 10 and other injuries by accident category, The Netherlands

1999 (from MEerdin €1 @), ...ceuu et e e 32
Figure 7: Cambridge (left) and AART (right) abrasion test SEtUPS .......cccovvvvviiiiiiiiieeiieineeeenn, 34
Figure 8: Example of a crashed garment analysis form with markings for failures and
MEASUIEITIENTS ...ttt e ettt e e e eet e e e e et e e e e ee e e e e e aa e e e e esa e e e ee s e e e e e eean s e eeeesnn e e eeennnnneeeennnns 35
Figure 9: Garment failures and reproductions by lab apparatuses.............cccoovveviiiiiiiniiinnns 36
Figure 10: Garment failure zones of case NUMDEr 5 ... 39
Figure 11: Overview of the 7 garment failure categories with information.............................. 42
Figure 12: Categorization overview of garment failures in motorcycle crashes...................... 43
Figure 13: Fabric DIt AriVe .......cooeueiiee e e 46
Figure 14: Oblique impact with rough surface on the striker & Oblique impact with rough
SUIMACE ON @NVIl ...t e e e et e e e e e e e e e eaa s 46
Figure 15: Rail system impact abrasion............cc.oviiiiiiiiiiiii e 47
Figure 16: Impact abrasion pendulum .............cooiiiiiiiii e 48
Figure 17: Altered AART MACKINE ... couuiiiiiiieie et e e e 49
Figure 18: Relation between drop height and VElOCItY ............coeeuiiiiiiiiiiii e 50
Figure 19: Electrical Actuator for additional Force onthe AART .....coiviiiiiiiiii i, 52
Figure 20: Linear spring actuator for additional force on the AART .......cooiiiiiiiiiiiiiiinieen, 52
Figure 21: Pressure actuator for additional force on the AART ......coiviiiiiiiiieieeeeen 53
Figure 22: Design of extra-force mechanism with preloaded Spring.........ccoceeveeviiinieieennnnee. 54

Figure 23: Phases and inputs of the 4 different

IS 1 7 PP 56
Figure 24: Explored monitoring systems to capture the temperature rise during an abrasive
5] o = 57
Figure 25: Temperature rise on part of the AART abrasive surface during a slide.................. 58
Figure 26: Irreversible temperature labels on fabric samples.........c.coooviiiii, 58

D3.1 Page 11 of 256 14/12/20


file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513335
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513336
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513337
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513337
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513338
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513339
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513339
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513340
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513341
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513341
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513342
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513343
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513344
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513345
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513346
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513347
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513347
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513348
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513349
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513350
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513351
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513352
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513353
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513354
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513355
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513356
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513356
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513357
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513357
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513358
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513359

PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 27: Results of irreversible temperature label with a surrounding sticker...................... 59
Figure 28: Irreversible temperature labels with a 2-layer surrounding sticker ........................ 59
Figure 29: Thermofilm test setup with Thermoscale 100 and colour shift chart...................... 60

Figure 30: Thermocouple without and with cover, and placement inside the sample holder....61

Figure 31: Graph of temperature in relation to time, data collected by a K-type thermocouple 61

Figure 32: Arduino temperature sensor (MLX90614) and setup ontile ............ccceiveeiiieennnnees 62
Figure 33: SD-card logging of data with Arduino Uno and a MLX90614............c.cccceeevuieeennnnnns 63
Figure 34: Test setup IR sensor inside the sample holder, calibration and validation of test
£ 11 ] o 63
Figure 35: Test setup IR sensor outside the sample holder, calibration and validation of test
LY 11 ] o 64
Figure 36: Moflon MC400 series, CAD drawing of slip ring design & Final slip ring setup on
F L N PP 65
Figure 37: Left: Validation and calibration method, Right: Cleaning method.......................... 66
Figure 38: Schematic represent at..on..of..t.e66t desi

Figure 39: Left: Cross section of the sample holder with sensor, Right: Sample holder with 2 IR
Y=Y 1S ] £ PP 67
Figure 40: Left: Hall sensor and magnet ring; Right: Final Test Setup 'In Sample Holder'....... 67

Figure 42: Left: Cross section of the sample holder with sensor; Right: Sensor Placement in tile

Figure 41: Schematic repres.entat..on..of..t.e688t desi
Figure 43: Left: Microcontroller with accelerometer in casing; Right: Final Test setup in tile ...69

Figure 44: Resul ts O6i n s amiptespectively ad3d,r50, 60daod70 ny | on

KM rotationNal SPEEU ... .ccuu it e et e e e e e e 70
Figure 45: Results 6in sample holderdéd for perfor
a8 I c= i o1 g T LIy o LY=o PP 71

Figure 46: Linear and exponential curve fit of maximum temperature vs rotational speed, nylon
ripstop (left side) & performance leather (right Side) .........oooiiiiiiii i, 72
Figure 47: Maximum temperature differentiation based on sensor location in sample holder..73
Figure 48: Temperature data from 6 IR sensors at 60 kmh of nylon ripstop, test run results
with no observable hole fOrmMation. ..........ccouiii i 74
Figure 49: Temperature data from 6 IR sensors at 60 kmh of nylon ripstop, test run results

with observable hole formation on right SamMple...........cooiiiiiii 75

D3.1 Page 12 of 256 14/12/20


file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513360
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513361
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513362
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513363
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513364
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513365
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513366
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513367
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513367
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513368
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513368
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513369
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513369
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513370
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513371
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513372
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513372
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513373
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513374
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513374
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513375
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513376
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513377
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513377
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513378
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513378
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513379
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513379
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513380
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513381
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513381
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513382
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513382

PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 50: Results 6in tiled for nylon ripstop
0] 7= 110 o - | PP 77
Figure 651: Results o6in tiled for performance | e
o] = 1uTo] g F= U IRS] o 1=T=T o PP PP 78

Figure 52: Relationship between maximum temperat ur e and rotational speec

Figure 53: Rel ationship between maximum temper a

L0 A=Y= (1 1S 80
Figure 54: Two explored solutions (PE tape, Kevlar backing layers) to counter the absence of
O] I U= TP PP 81
Figure 55: Schematic overview of force and hole formation SENSOIS ..........ccovvviiiiiiiiiiennnnen. 84

Figure 56: Left: Conducting wires for hole formation sensor, Right: destroyed sensor module 85

Figure 57: Hole Formation Sensor with light barriers .........ccooiviiiiiii i, 86
Figure 58: Hole formation detection with light barrier Sensor ............cccovviiiiiin, 87
Figure 59: Load Cell MOUNTING ....ceuuiiiiiiiie ettt e e e e e e e e e e e e e e eaaeees 88
Figure 60: Drawer Effect during measurements with load cell..............ccooviiiiiiiiiiiiiiniies 88
Figure 61: Position of acceleration SENSOIS ........ccuiiiiiiiiii e 90
Figure 62: Validation Test 1, ACCeleration SENSOI .........cccuuiiiuieiiieiiieei e 91
Figure 63: Sensor Validation, Test 2, Acceleration Sensor, Raw Data.............cccoeeeevineeennnnnns 92
Figure 64: Sensor Validation, Test 2, Filtered Data Acceleration SeNnsors..........ccc.oceuuveeevnnnnes 92
Figure 65: Ankle eversion lIMit ..........coooiiiiiiii e e e e e e een 94
Figure 66: AnKle inVersion lIMit..........coouiiiieii e e e e e e een 95
Figure 67: Subtalar joint center Of rOtatioN ............oveuiiiiiee e 95

Figure 68: | DI ADAOs..l.n.s.t.r.o.n...4.2.0.6....ma.c.h.i..n.e...96

Figure 69: Instron machine base and attaching holes ..o, 97
Figure 70: Inversion-eversion MOl 180 .......ciuuuiiiiiiieiice e e 98
Figure 71: Flexion-extension MOdel [€g.........ccuuiiiiiiiiiiiiiie e 98
FIgUre 72: TeST PreParation ........ccuuuieei et e e et e e e e et e e e e e e e e e e e e eaneeeannes 100
Figure 73: AlpINEStars MOAEI I€Q ......vvvurieiiiieiiiee e e e e e e ean s 101
Figure 74: Model leg foot with correct rotation axIes ............cceevuuiieieiiieeiiieeiin e 101
Figure 75: Flexion-extension teSt MOUE.........ccuuiiiiiiiiiii et 103
Figure 76: Inversion test mode (left figure) and eversion test mode (right figure) ................. 103
Figure 77: A Striker (left figure) and B Striker (right figure) .........coocoiviiiiiiiii e, 105

D3.1 Page 13 of 256 14/12/20


file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513383
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513383
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513384
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513384
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513385
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513385
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513386
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513386
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513387
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513387
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513388
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513389
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513390
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513391
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513392
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513393
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513394
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513395
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513396
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513397

PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 78: Airbag impact MacChing ..........coouiiii i e 106
Figure 79: DUMMY SUDJECHION.......c.uniiii et e e enenes 107
Figure 80: Coverage and impact points regarding UNECE-R22..............ccooviiiiiiiiiineineennn. 110
Figure 81: Solid headform according to UNECE-R22 ..........cciiiiiiiiiiiiieeeeee e 111
Figure 82: Flat and KerbStone anVil...........c..iiuuiiiiieiii e 111
Figure 83: Abrasive and bar anvil according to UNECE-R22 [1] ........ccviviiiiiiiiiiiiieiceneeenn, 112
Figure 84: Angled anvil to induce rotational KINematiCS.............covveviiiiiiiiiii e, 114

Figure 85 lllustration of the novel WG11 headform dedicated to oblique impacts and potentially
QIS0 0 INEAI IMPACES. .. ... it e e e e e e e et e et e e e e et e e e e eanaeeanns 116
Figure 86: lllustration of the different parts of Strasbourg University Finite Element Head Model
(SUFEHM), with 5320 brick elements of brain.............cccooiiiiii e 118
Figure 87: Injury risk curves to predict probability of reversible brain injury by addressing brain
VON IMISES SITESS .. eueeitieeeit e et e et e et et e et ettt e et et e e e et e e e ea e e e ea e e e ea e e eaa e eeaneeeaa e eenns 118
Figure 88: Improved model-based head injury Criteria ..........ccooeeuieeriiiriieeieeeeeeeee e 119
Figure 89: lllustration of the pre-processor which permits to introduce the 6D head kinematic
versus time curves into the brain Model. ... 119
Figure 90: Automatic post-processing of the computation results in terms of brain injury risk120
Figure 91: Representation of linear and rotational sensors used in the Hybrid Ill headform and
the novel WG11 headform dedicated to oblique impacts and potentially also to linear impacts.

................................................................................................................................... 121
Figure 92 impact points definition for flat IMPacts ............ccoeeiiiiiiiii e, 123
Figure 93 impact points definition for oblique impacts...........ccccciviii i, 125

Figure 94 lllustration of the coupled experimental versus numerical helmet test method. The
experimental headform acceleration curves are considered as the initial condition of the

numerical head impact simulation followed by the assessment of brain injury risk (AIS2+)...127

Figure 95 Neutral, flexed, extended, laterally flexed and rotated head position [21] ............. 130
Figure 96 Limitation of head motion due to helmet-brace-contact .............cccoevvvviieiineennnnn. 131
Figure 97 ATD pendulum used by Leatt in physical and numerical environment [22] ........... 132

Figure 98 Loading directions simulated in (Khosroshahi, Ghajari and Galvanetto 2016)....... 134

Figure 99 Vertex loading in Meyer, Deck and Willinger [27].......c.ovveuiiiiiiiiinieeeeeeeeeen 135
Figure 100 Impacts simulated in Khoroshahi, Ghajari and Galvanetto [29].............ccceeeeennnn. 135
Figure 101 Different helmMet SNAPES .......iiiviiiiiii e 136
Figure 102 Geometries of lower helmet edges from 16 helmets .........cccoevvviiiiiiiiiieineennn. 136

D3.1 Page 14 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 103 Lower helmet €dge (F€d) ... ccuueieniiiiieii e e 138
Figure 104 Neck brace surface relative to T1 location (SQUAre) ..........ceeuveeeureernneeennneeennnn 139
Figure 105 Calculated spine postures with contact between helmet and neck brace in different
dIreCtioNS Of MOLIONS .....uuiiiii et e e e e e e e e e e e e e eea e eenas 140
Figure 106 EN 960 headform with highlighted reference plane (blue), mid-sagittal plane (red)
and frontal PlANE (GrEEN) ......iie e e e e e e e e e e e 141
Figure 107 Variations of helmet edge inclination due to helmet positioning based on the field of
17/ o ISP 142
Figure 108 Lateral view on lower helmet edge of an AGV K6 helmet in three positions........ 143

Figure 109 Headform, helmet on headform and tip of measurement arm on lower helmet edge

Figure 110 Measurement of points along the lower helmet edge ............ccoeeevviiiiiiiiieineennn. 145

Figure 111 Measurement points in areas with low level of detail (left) and with a higher degree

Lo 0 =1 = T (o | 1) TP 145
Figure 112 Interpolated lower helmet edge based on 3D measurement points.................... 145
Figure 113 Surrogate shoulder dimENSIONS ........c.uiiiiiiiiiieiiee e 147
Figure 114 Surrogate Shoulder SIdE VIEW ..........ccueiuniiiiiiiii e 148
Figure 115 Surrogate SNOUIAET ...........iiiiii e 148
Figure 116 Surrogate shoulder frontal VIEW ............coooiuiiiiiiiiiii e 149
Figure 117 Surrogate shoulder TL IOCAtION ........ccuuiieiiieieeie e 149
Figure 118 Fitment instructions according to the user's manual of the Leatt GPX 5.5 neck brace
................................................................................................................................... 151
Figure 119 Proposal of a Neck Brace Positioning Index (NBPI) .........ccooviiiiiiiiiiiieeen, 152
Figure 120 Outer (red) and inner (green) lines to be measured as a minimum .................... 153
Figure 121 Multiple lines following geometrical structures of the surface ..............cccocevnne. 153
Figure 122 Interpolated and meshed neck brace surfaces relative to T1 (squares).............. 154
Figure 123 Parametric spine model based on Reed and JONes [37].......ccoevvvvivrirnieeernnenennnn 155

Figure 124 Neutral, flexed, extended, laterally flexed and rotated cervical spine posture ..... 157
Figure 125 Simulated contacts in extension, lateral flexion, flexion, rotation and combined
[ 00] 1] o PP PPPPTRPRPPN 158
Figure 126 Theoretically possible extension and flexion of different helmets combined with one

neck brace. The percentages are relative to the full extension (72°) and full flexion (64°).....159

D3.1 Page 15 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 127 Contact locations between multiple helmets and one neck brace due to head
MOotion in different dir€CHIONS ..........iiiiiei e e 159
Figure 128 Workflow for a geometric assessment of a helmet-brace-combination................ 160
Figure 129 (a) Components of the cervical vertebra and intervertebral disc, (b) Ligamentary
system of the lower and upper cervical spine, (c) Overview of the coupled Head-Neck system

P 165
Figure 130. CORA structure for comparing signal characteristic. ............ccoeeviiiiiieiiieinneennn. 167
Figure 131. Presentation of the corridor method. In this study K=2...........ccccccoveiiiiiiiieinnnnnnn. 168

Figure 132 Boundary conditions of the SUFEHNM2020 to reproduce NBDL frontal loading by
implementing T1 velocity time-history curves recorded at T1 level to the SUFEHNM2020
0 o = 170

Figure 133 lllustration of SUFEHNM kinematic calculated under frontal loading at different time

Figure 134 Superimposition of computed model response to experimental corridor for NBDL
frontal impact simulation in terms of (a) X-axis linear acceleration, (b) Y-axis angular
acceleration, (c) Z-axis linear acceleration, (d) X-axis displacement, (e) Rotation and (f) Z-axis

displacement of the head anatomical center ( [56] [58]) as well as (g) CORA rating results

(values higher than 0.65 are in italic-bold). ..........cooouiiiiii e 171
Figure 135. lllustration of boundary conditions implemented at T1 level in order to reproduce
NBDL SId@ ©XPEIIMENL. ... et ittt ettt et e e e e e et e e e e e e e e e e e e e e ean e eenanns 172
Figure 136 lllustration of SUFEHNM2020 kinematic under lateral loading .............c...cc.u...... 172

Figure 137 Superimposition of the model responses to experimental corridors for human
volunteer lateral impacts in terms of X-axis (a), Y-axis (b), Z-axis (c) angular accelerations at
the CG of the head, X-axis (d), Y-axis (e), Z-axis (f) linear accelerations at the CG of the head,
X-axis (g), Y-axis (h), Z-axis (i) rotation at the CG of the head, X-axis (j), Y-axis (k), Z-axis (I)
displacement at the CG of the head, and (m) CORA results (values higher than 0.65 are in
1= [{o oo [« ) FA PP 173
Figure 138 Boundary conditions applied to SUFEHNM2020 for validation against vertex impact
accordingly to Nightingale experiments [83].........oceuiieiiiieiieeee e e e 174
Figure 139 Head force resultant, Neck axial force and Neck shear force recorded and
computed under vertex impact for validation of SUFEHN-Model against Nightingale et al.

Loy o LT ] 0= £ PP 175

Figure 140. Photo of the experimental setup design by Pintar et al. [84]...........cccvvvnvevnnennn. 177

D3.1 Page 16 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 141 : lllustration of the kinematic calculated with SUFEHNM2020 against Pintar et al

[84] eXperiments (CaSE FC-197) ....uiiuiiiiieeii e e e e e e e e e 178
Figure 142 SUFEHNM2020 response against FC-199 case from Pintar et al. [84] .............. 179
Figure 143 SUFEHNM2020 response against FC-200 case from Pintar et al. [84] .............. 179
Figure 144 SUFEHNM2020 response against FC-207 case from Pintar et al. [84] .............. 179
Figure 145 SUFEHNM2020 response against FC-208 case from Pintar et al. [84] .............. 179
Figure 146 SUFEHNM2020 response against FC-209 case from Pintar et al. [84] .............. 179
Figure 147 SUFEHNM2020 response against FC-210 case from Pintar et al. [84] .............. 180
Figure 148 SUFEHNM2020 response against FC-220 case from Pintar et al. [84] .............. 180
Figure 149 SUFEHNM2020 response against FC-221 case from Pintar et al. [84] .............. 180
Figure 150 SUFEHNM2020 response against FC-237 case from Pintar et al. [84] .............. 180
Figure 151 SUFEHNM2020 response against FC-238 case from Pintar et al. [84] .............. 181
Figure 152 SUFEHNM2020 response against FC-239 case from Pintar et al. [84] .............. 181
Figure 153 SUFEHNM2020 response against FC-197 case from Pintar et al. [84] .............. 181
Figure 154 SUFEHNM2020 response against FC-198 case from Pintar et al. [84] .............. 181
Figure 155: Histogram illustrating the Vertical force (Fz) atT1 coming from the Pintar cases
simulated With SUFEHNM2020 .........oiiuiiiie et e e e e e enas 182

Figure 156: Injury risk curves propose in terms of vertical Force (Fz) at T1 for an AIS 4+.....182
Figure 157. Superimposition of computed model responses with the experimental output for
specimen FNSC-102 [86] Linear accelerations at the CG of the head along (a) Y-axis and (b)
Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y axis and (e) Z axis forces at
the OC, (f) moment about the X axis at the OC, (g) Y axis and (h) Z axis forces at T1, (i)
moment about the X axis at T1 as well as (j) CORA rating results (values higher than 0.65 are
TN = [T o To (o ) 184
Figure 158. Superimposition of computed model response to experimental result for PMHS
lateral case FNSC-104 in terms of linear accelerations at the CG of the head along (a) Y-axis
and (b) Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y-axis and (e) Z-axis
forces at the OC, (f) moment about the X-axis at the OC, (g) Y-axis and (h) Z-axis forces at T1,
(i) moment about the X-axis at T1 and (j) CORA rating results (values higher than 0.65 are in
1= ol oo ][ ) P 185
Figure 159. Superimposition of computed model response to experimental result for PMHS
lateral case FNSC-109 in terms of linear accelerations at the CG of the head along (a) Y-axis
and (b) Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y-axis and (e) Z-axis

forces at the OC, (f) moment about the X-axis at the OC, (g) Y-axis and (h) Z-axis forces at T1,

D3.1 Page 17 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

(i) moment about the X-axis at T1 and (j) CORA rating results (values higher than 0.65 are in
1721 T o ] (o ) 186
Figure 160. Superimposition of computed model response to experimental result for PMHS
lateral case FNSC-110 in terms of linear accelerations at the CG of the head along (a) Y-axis
and (b) Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y-axis and (e) Z-axis
forces at the OC, (f) moment about the X-axis at the OC, (g) Y-axis and (h) Z-axis forces at T1,
(i) moment about the X-axis at T1 and (j) CORA rating results (values higher than 0.65 are in
=1 [{oxd o o] [« ) FA PSPPSR 187
Figure 161. Superimposition of computed model response to experimental result for PMHS
lateral case FNSC-115 in terms of linear accelerations at the CG of the head along (a) Y-axis
and (b) Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y-axis and (e) Z-axis
forces at the OC, (f) moment about the X-axis at the OC, (g) Y-axis and (h) Z-axis forces at T1,
() moment about the X-axis at T1 and (j) CORA rating results (values higher than 0.65 are in
1721 T o ] Lo ) 188
Figure 162. Superimposition of computed model response to experimental result for PMHS
lateral case FNSC-116 in terms of linear accelerations at the CG of the head along (a) Y-axis
and (b) Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y-axis and (e) Z-axis
forces at the OC, (f) moment about the X-axis at the OC, (g) Y-axis and (h) Z-axis forces at T1,
(i) moment about the X-axis at T1 and (j) CORA rating results (values higher than 0.65 are in
) w3l oo ][ ) 189
Figure 163. Superimposition of computed model response to experimental result for PMHS
lateral case FNSC-118 in terms of linear accelerations at the CG of the head along (a) Y-axis
and (b) Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y-axis and (e) Z-axis
forces at the OC, (f) moment about the X-axis at the OC, (g) Y-axis and (h) Z-axis forces at T1,
(i) moment about the X-axis at T1 and (j) CORA rating results (values higher than 0.65 are in
1= ol oo ][ ) P 190
Figure 164. Superimposition of computed model response to experimental result for PMHS
lateral case FNSC-126 in terms of linear accelerations at the CG of the head along (a) Y-axis
and (b) Z-axis, (c) Y-axis angular acceleration at the CG of the head, (d) Y-axis and (e) Z-axis
forces at the OC, (f) moment about the X-axis at the OC, (g) Y-axis and (h) Z-axis forces at T1,
(i) moment about the X-axis at T1 and (j) CORA rating results (values higher than 0.65 are in
1= [{o oo [« ) FA PP 191
Figure 165. Computed loads on the neck for the nine lateral impacts for (a) force, (b) moment

at OC, and (c) force, and (d) moment at the T1 IeVelS........cccveiiiiiiiiiiiiiiic e 193

D3.1 Page 18 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 166. Injury probability curves for the force at the OC level. Dashed curves show the
confidence interval bounds. Bar chart shows NCIS magnitudes.............ccoeeviveiieiiiiiiieennnes 193
Figure 167. Injury probability curves for the moment at the OC level. Dashed curves show the
confidence interval bounds. Bar chart shows NCIS magnitudes.............ccovvviiiiiiiiiiienieennnes 194
Figure 168. Injury probability curves for the force at the T1 level. Dashed curves show the
confidence interval bounds. Bar chart shows NCIS magnitudes.............ccoveviiiiiiiiiiieieennnes 194

Figure 169. Injury probability curves for the moment at the T1 level. Dashed curves show the

confidence interval bounds. Bar chart shows NCIS magnitudes.............cccoeeuiviiiiiiiieiiniennnnns 194
Figure 170: relationship between change of velocity and mean acceleration....................... 196
Figure 171 Representation of the lumped parameters model of the trunk [96]..................... 197
Figure 172: Position of the MC-HNT model in the three seats. ..........ccccoeevieiiiiiiiiiiinninneeeens 198

Figure 173: Kinematic response of the Madymo model and the Head-Neck Finite element
model under a rear impact (Case Corolla 98 N° 29737) ....c.oeiuiiiiieiiieeiieeieeee e 198
Figure 174 Results in terms of histograms obtained for the six parameters calculated at OC
and T1 levels for all the 85 real world accident cases reconstructed with the SUFEHNM2020.

Figure 176. Relative Heading Angle definition.............coveiiiiii i, 205
Figure 177. Test apparatus showing mini-sled, pelvis surrogate and surrogate frame, and fuel
tank surrogate and tank frame. The red arrow indicates the direction of travel of the pelvis
surrogate to impact the fuel tank SUIMrOgate. ..........ooevuiiiiiii e 209

Figure 178. Pelvis surrogate rotating and the lumbar spine translating upward from the sled

table as a result of the simulated fuel tank IMpPact. ...........ocooiiiiiiii e, 211
Figure 179. Fixing vehicle on teSt DENCH. ... cooveiiiiiiie e 213
Figure 180. DUMMY CharaCteriStiCS. ....uuiiireeeiiiie et e e e e e e e e e e e ea e e enaas 213
Figure 181. Vehicle and dummy fixed ontest bench.............cooooiii e, 214
Figure 182. Pendulum positioning and teSt SETUP. ......oveuieeniieieeieei e e eenns 214
Figure 183. Position of impact points on the leg for time history of acceleration data............ 215
Figure 184. Time history acceleration data impact without safety leg cover ............c.c...c..... 216
Figure 185. Time history acceleration data impact with safety leg cover...........c...ccoeeeunennn. 217
Figure 186. Side crash test proposed for PIAGGIO's safety leg cover. ........c.ccocoevvveineeennnn. 220
Figure 187. Side crash test proposed for DUCATI's lateral airbag system. .............ccoceeenee. 221

D3.1 Page 19 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

Figure 188. Frontal crash test proposed for NeuRA's pelvis protector. .........ccccccceevvveennnn. 222
Figure 189. Trolley for motorcycle support and release. ..........c.ovvveeieiiiiieiiinieeieeeeeeeennn 223
Figure 190. Detail of dummy hands poSitioNiNg. .........ccuuiiiiriiiiiieii e 226
Figure 191. Front and top view of AE-MDB trolley with aluminum structure installed (in grey).
................................................................................................................................... 227
Figure 192. Set up for high-Speed Cameras. .........cccouiiiiiiiiieii e 228

D3.1 Page 20 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

TABLE OF TABLES

Table 1: Comparison of damage types between REV'IT! study and Meredith et al. study........ 37
Table 2: Garment types and failure locations in REV'IT! Study .............cccccoimmmiiiiiiiiiiiiiiiiiiiinnns 37
Table 3: Failure measurements in REV'IT! StUAY ...........uuuuiiiiimiiiiiiiiiiiieeeeee 38
Table 4: Morphological Box for Impact Force MechaniSms................cccccoiiiiiiiiiiiiiiiiiiieees 50
Table 5: Correlation between drop height and sliding distance............cccccccceeeii i, 51
Table 6: Correlation between drop height and friction coefficient............ccccccoooi i, 51
Table 7: TeSt AefiNItIONS ........uiiiiiiiii bbb sbbsessssnnssssssnnnnes 99
Table 8: Instron machine base CONAItIONS ...........uuuuuuiuiiiiiiiiiiiiii e 102
Table 9: Instron machine base specifications ..o, 104
Table 10: Upper torso impact CONAItIONS ............couuiiiiiiiiece e 105
Table 11: TESt APPATAIUS......uvuuiii e eei et e e et e e e e e e e et e e e e e e e e e e et e e e e aaeeesaatanaaeaees 108
Table 12: Critical values to calculate the BrIC [20] ....ccooeeeiiiiiiiiiiiii e 117
Table 13: Impact calculated MEaSUrEMENTS ...........uuiiiiieeiiieeee e 126
Table 14 Suggested Pass/Fail criteria for the different impact conditions .............cccccceeeeenn. 127
QLI o] L= o T o T 0 = L1 S 128
Table 16 Intervertebral ROMs in degree according to White and Panjabi [42] ..............ccc...... 156
Table 17: Material properties of SUFEHNM2020 implemented under Ls-Dyna software........ 166
Table 18 SUMMArY Of tEST GALA. ........uuuuuuiiiiiiiiie bbb ebeeeeeeeenes 177
Table 19 Summary of PMHS lateral impact sled tests and injury SCOres ............cccccuvvvvvninnnns 183
Table 20 Database analysiS [93] [94] ......uuuuuuuuuuiiiiiiiiiiiiiiii bbb enbbaeeeeeene 196
Table 21 Results of the binary logistic regression in terms of Nagelkerke R2 values calculated
for the six candidate parameters able to predict neck injury criteria under rear loading. ........ 200
Table 22. Lateral impact data by OV speed and RHA IN ASS3. .......coooiiiiiiiii e, 206
Table 23. Lateral impact data by OV speed and environment in AS3. ........ccoooeiiiiiiiiiiiineeeenn. 206
Table 24. Lateral impact data by PTW speed and RHA IN AS3 ... 206
Table 25. Lateral impact data by PTW speed and environment in AS3. .........ooooiiiiiiiineeenn. 207
Table 26. Lateral impact data by OV speed and RHA in AS3 (15 km/h clustering for OV speed).
.............................................................................................................................................. 207

Table 27. Lateral impact data by PTW speed and RHA in AS3, with OV speed ¢ 30 km/h....208
Table 28. Lateral impact data by PTW speed and RHA in AS3, with OV speed ¢ 15 km/h....208

Table 29. Peak pelvis surrogate responses in each test condition............ccceeveeevvviiiiiienneeenn, 211
Table 30. TESt PArAMELEIS SELUPD ... ..uuuuuuuuuiiiiitiiiaieeeebe bbb bbbebbbbabenenenes 218
Table 31. Instrumentation USed fOr fUll MATD.........uuuuuiiiiiiiiiiiiiiiiiei e 224

D3.1 Page 21 of 256 14/12/20


file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513529
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513530
file://///HSATA6/HSATA9/Innovacio/Innovació%20I+D/Projects/H2020/18IN_INNOVATION_PIONEERS/09.%20WP%20Progress/WP3/D3.1/New%20version%20D3.1/D3.1_Test%20procedures%20for%20PPEhelmet%20and%20full%20vehicle_FINAL_v5.4%20-%20ES.docx%23_Toc58513531

PIONEERS

INNOVATION FOR RIDER SAFETY

Table 32. Instrumentation used for upper Hybrid [l/ lower MATD...........ccooceiiiieeiiiiiiiiee e, 225
Table 33. List of high-Speed Camera VIEWS. ..........cuuuiiiiieeiiiiieiiie et e e 228
Tabl e 34. Rel ative tolerances r.e.q.u.i.r.ed. . f.®29

Table 35. Relative tolerances required for PIAGGIO6 s t est c.o.mp.a.r.i..s..a.n230

DUCAT

D3.1 Page 22 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

1 Introduction

This deliverable transfers the results of WP1 and WP2 into reliable test methods and the
associated assessment to ensure the protection of the user with the best balance between
repeatability, reproducibility and reliability.

Test procedures for thorax and lower leg impact, impact and abrasion of fabrics, pelvis and
head-neck protection and a frontal and a lateral test for on-board safety systems have been

designed based on accidentology data regarding relevant accident scenarios and main injuries.

Due to differences regarding the state of the art of helmets, the market penetration of neck
protection devices and the need for a separate test for helmets, the authors of this document
decided to split the actions concerning helmet test method and neck protection test method.
Within this document there is a chapter with a proposal for the test procedure for helmets and a
new chapter exposing new approaches for test methods dedicated to neck brace evaluation.

Two full-scale crash test protocols have been designed to validate the two different on-board
systems developed in Task 5.4. In addition, the performance of the defined test have been
evaluated through an assessment and virtual tools specifically designed for the project by the
work of WP6.

Finally, the test methods derived from this Work Package will be tested in T3.5 by assessing
the test method and comparing the expected and the obtained results. All the information
extracted from the work will be provided to the corresponding standards developing
organizations (SDOs) for its implementation in new versions of standards through the work of
WP7.
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2 Methodology

To create this deliverable, tasks T3.1, T3.2 and T3.3 have been working together following the

prescriptions described below.

The main objective of Task 3.1 is to transfer the knowledge on the impact configurations
identified in Task 2.1 for each accident scenario into feasible test configuration while
maintaining the physical reliability. To increase the safety of PPEs, the impact abrasion test
method will be improved and adapted to cover and study new risks, such as soft tissue injuries
and failure of fabrics. To improve the factor impact in impact abrasion testing a current impact
abrasion apparatus, the AART, will be altered. Sample holders equipped with sensors will be
engineered to further explore and investigate the mechanisms of fabric failure during impact
abrasion testing. Additionally, a specific torso impact test will be designed to study the impact
of a thorax protected with an airbag device recreating the most common accidents. Further, an
impact on the lower leg part of the body will be investigated by applying new stresses for the
new generation PTW boots.

Task 3.2 will develop a test design to assess head and neck protection based on the results of
WP1 and WP2.

In a first stage the relevant impact situations identified within PIONEERS will be combined with
recommendations from literature and the results from other relevant EC projects (e.g.
advanced test methods, assessment criteria). These requirements regarding impact condition
(e.g. velocity, load direction, load mechanism) will be compared to existing regulations and

industry standards to identify the potential for improvements.

In a second stage the identified requirements will form the basis to develop a profound test
method for head and neck protection. The UNECE-R22 [1] as the current regulation for
motorcycle helmets has an isolated view on the helmet without the consideration of neck loads.
Furthermore, the regulation focuses on linear acceleration of the head as the main assessment
criterion. The importance of rotational acceleration e.g. caused by tangential impacts of the
head/helmet is not reflected in the current standard. To assess the performance of helmets,
neck protectors, the interaction of these two elements, the external load conditions as well as
the needed measurement technology will be considered. In the case of external load
conditions, the impact velocity, load direction and the characteristics of contact surfaces will be

defined to enable a reasonable test environment. To address the relevant injury mechanisms
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found in WP2, the measurement technology and specimens will be selected accordingly. For
both the conditions and the measurement technology, the best possible solution will be
elaborated to achieve a balance between the significance of the results, the reproducibility and
the repeatability of the tests. During the development of the test design the intermediate steps
will be accompanied by WP6 to ensure an approach with the highest possible impact on PTW
safety.

Result of Task 3.2 will be a test set-up to measure relevant characteristics of head and neck
PPE (e.g. translational and rotational head accelerations, neck forces and moments) with
regard to the needs identified within PIONEERS.

WP5 will focus on the development of on-board safety systems to further protect motorcycle
riders. In order to assess these systems and enable the evaluation of future systems, a test
set-up will be designed. Firstly, a set of accident scenarios and the main injuries targeted for
reduction will be selected from previous work in WP1 and WP2 to clearly define the protection
targets and therefore also the evaluation aspects. At least a frontal and a lateral test will be
defined (T3.3). The impact kinematics of the selected accident scenarios will be transferred to
a test set-up considering reliability, reproducibility and the test lab constraints (e.g. use of
dummies, vehicle stability). In order to perform the defined full-scale motorcycle crash tests,
some testing tools may be required to ensure the full vehicle test desired dynamics and the
requirements of repeatability and reproducibility. Those tools will be conceived and virtually

designed in this task.
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3 Test procedures for PPE, helmet and full

vehicle

In this section of the deliverable the test design for PPEs, for head and neck protection and for
on-board safety systems will be introduced. The test designs mentioned before are defined

tasks within the Work Package.

3.1 PPE test designs for impact and abrasion

3.1.1 Introduction

The focus of this t asikon flavaloping & YeétIsefup to gaindin-dépthD A
knowledge on the changes in physical properties and behaviour of a fabric during abrasion.
The second focus point is to develop a test setup to improve the factor impact on the impact

abrasion test.

Naotarcycist during crath Carrnene sample during testirg

:’,’ 0

& ;

1’: ¥ x-direction
A 3

Figure 1: Impact directions during a motorcycle crash and abrasion testing

Impact abrasion in relation to crash scenarios is composed of two closely related phenomena.

The factor o6impactdé in impact abrasion can be d
impacts a surface (e.g. road) with a certain speed in the Z-direction (the actual 61 mpact &6 of
rider falling from his bike from a certain height). This initial impact is generally followed by the

factor O6abrasiond, t Hiectisnovedtee saface (Fipueely. i der i n t he

The possibility to test for abrasion phenomena (burst, cut, tear, abrasion and melting) is the
main goal for the test setup. Mimicking real-world accidents in a lab setting is the preferred way

to study the behaviour of fabrics during a motorcycle accident. Sensor data can provide
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additional insights into the underlying mechanisms in fabric failures and can give information

about the protective features of a fabric.

Crashed garment analysis combined with the simulation of crash and fall dynamics on the

AART i mpact abrasion test machi ne, resulted in th
abrasion could not be mimicked with the current test machine. To solve this issue the current

AART machine will be altered to a level where the first moment of impact can be studied and

intensified.

To further understand the impact and abrasion phenomena on fabrics sample holders
equipped with sensors will be engineered. Three important parameters, which play a role in
fabric failure, have been determined: temperature, pressure and tensile stress. A fourth sensor
setup for hole formation can give more insight in the moment and specific area of fabric failure.

3.1.2 Preliminary studies

To examine the occurrence of the different types of garment failures, a crashed garment
analysis was performed. A second objective of this study was to define and categorize the
types of garment failures in order to improve an
in-house lab. By investigating and quantifying the phenomena that lead to garment failure,
more knowledge and a better understanding of the underlying causes could be obtained. With
newfound insights innovative techniques, materials and products can be sourced and produced

to facilitate riders with more protective garments.
The first part of this introduction consists of a literature study on soft tissue injuries and

garment failures caused by motorcycle accidents. The second part lists and compares the two

current test methods for abrasion resistance in lab conditions.
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Soft tissue injuries literature study

Soft tissue injuries (abrasions, cuts, lacerations and bruising) are in most cases non-life-
threatening injuries but can result in infections, scarring and (temporary) immobility of the rider
after a crash. When looking only at open wounds (abrasions, cuts and lacerations) a reduction
of 58% in upper body open wounds can be noted when riders were wearing a motorcycle
jacket. A reduction of 47% in open leg wounds and a reduction of 38% in lower body open
wounds was observed when riders were riding with motorcycle pants. An open wound is any
internal or external injury that leaves internal tissue exposed to the external environment. The
risk of an open wound injury is significant smaller when motorcycle clothing is worn. Most soft

tissue damage occurs at the legs (76%) followed by the arms (51%) and the head (40%) [2].

Protective clothing is possibly subjected to damage during a crash. Fabric failure may lead to
open wound injuries. More than 25% of worn jackets and pants show damage in the form of
hole formation as a result of a crash. Seams are less frequent to fail according to the study of
de Rome et al. [2]. A possible explanation: seams have a small area in respect to the whole
garment, so less probability to get damaged during a crash.

The study also shows that bruising injuries are the most common type of injury, closely
followed by soft tissue injuries. Motorcycle riders should be protected against these skin
injuries by their PPE (personal protective equipment). To protect, a PPE should have a high
resilience against impact and abrasion. Motorcycle garments should comply to PPE regulation
(EU) 2016/425 [3]. Therefore, garments are generally subjected to the testing procedures
described in EN 17092-1:2002 [4]. This series of standards incorporates amongst others

multiple tests to determine the performance of a fabric used in PPE.

Meredith et al. listed the frequency of the different damage types in crashed garments. 633
garment failures were analyzed and divided into 5 categories: abrasion, tear, burst, cut and
unknown. Failure due to abrasion was the most common failure (77,3%), followed by tear
(11,4%) and burst (3,6%). Cut was only detected in 1,3% of the failures and 6,5% was of an
unknown type [5].
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A relationship between the probability of soft tissue injuries and abrasion time according to the
European standard series EN13595-1/4:2002 (Cambridge method) was proven (jError! No se
encuentra el origen de la referencia.). A longer abrasion time before hole formation showed
a lower probability of soft tissue injury. An abrasion time of 1 second resulted in a probability of
53%, an abrasion time of 4 seconds (zones 1 & 2: level 1) resulted in a probability of 37% and
an abrasion time of 7 seconds (zones 1 & 2: level 2) resulted in a probability of 24%. The study
proved a significant reduction in soft tissue injury protection when downgrading from a level 2
to a level 1 garment according to EN13595-1/4:2002 [4].

1.0

Percentage open wounds injuries in relation to total
injuries - data from PIONEERS D1.1

58,7
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Figure 3: Soft tissue injury risk in relation to Figure 3: Percentage open wounds from Pioneers
abrasion time on the Cambridge test (from D1.1
Meredith et al.)
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Referring to D1.1 [6] of the PIONEERS project open wound injuries are present in 33,9% of all
cases in the GIDAS study. In the fatalities study of LMU 22,5% of all injuries were open wound
injuries and 58,7% in the EDA study. According to the Australian NSW dataset 39% of all

injuries could be categorized as open wounds (Figure 3).

According to EN13595-4 different clothing zones are presented, zone 1 being the most
common zone of first impact and zone 4 the least common zone of first impact. Meredith et al.
listed the frequency of impacts to the different clothing zones. Zone 1 was impacted in 43% of
the 661 cases (360 clothing damage locations and 301 skin injury locations), followed by zone
2 (25%), zone 3 (20%) and zone 4 (12%).
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In zones 1, 2 and 3 there are fewer skin injuries (circa -15%) than clothing damages. Zone 4
has slightly more injuries than garment failures, probably because this is a low impact area.
When evaluating the distribution of the skin injuries and the garment failures a high correlation
is found. The outside of the forearm, the wrist, the shoulder and the knee are to most common
places of injury. In each of these locations the number of garment failures was equal to the

number of injuries.

Of the 5 types of garment damage, abrasion was most frequently observed (69% of all
damage) especially in clothing zones 1 and 2. Tear had an incidence of 26%, cut 2% and burst
only 1%. For abrasion and tear a decreasing indecency was observed from zone 1 to zone 4
(Figure 4). Burst was only observed in zones 1 and 2, cut only in zone 1 [7].

mZone 4 OZone3 mZone 2 mZone 1

unknown
type
|
tear ‘
|
cut
]
A Zone 1 burst |
N Zone 2 !
[ Zone 3 1
“ |
) 2t abrasion |
|
1 1 T : ‘ ; )
front back 0 25 50 75 100 125

Frequency

Figure 4: Distribution of garment failures according to zoning in EN13595 (from Meredith

The skin injuries in this study are categorized in 4 types: burn, abrasion, contusion and
laceration. Contusions are the most common type of injury (54% of all injuries),
followed by abrasions (31%) and lacerations (14%). Burns were only observed 4 times
(1%). The descending frequency from zone 1 to zone 4 is visible for abrasions,
contusion and lacerations. The descend is most steep for laceration injuries, with even

no laceration in zone 4, and least steep for contusions (Figure 5).
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Figure 5: Distribution of skin injuries according to zoning in EN13595 (from Meredith et al.)

The economic cost of soft tissue injuries caused by motorcycle accidents is difficult to declare.
Braddock et al. [8] reported that 21,9 % of all injuries were open wounds, from a total of 9250
injuries during principal diagnosis. With this percentage, open wounds are the main injury
suffered by motorcycle riders during a crash followed by femur or lower limb fracture (17,2%)
and upper limb fractures (9,1 %). The medical procedure involvement of the integumentary
system was 17% of 6504 medical procedures. The musculoskeletal system tops this with a

percentage of 38,6% and is thereby to most common human system that needs medical care.

The study of Meerding et al. [9] calculated the cost per patient for the most common injury

groupsin TheNet herl and in 1999. The cost per fpraati ent
superficial injury (contusion, small laceration etc.)thecosti s U410. These costs r
respectively, other notable injury groups related to motorcycle accidents are: vertebral
column/ spinal cord injury (06600, rank -Brain, i nte
injury (u3100, re@ending oh the bodlyr apcatrutr ebset(wdeen 0700 and
(u770, rank 17).

The costs of treating patients for open wounds, superficial injuries and burns are smaller in
comparison to other common injuries related to motorcycle accidents. The incidence ranks of
these injuries in traffic accidents is higher, with superficial injury and open wound rank 1 and 2

in the overall statistics, burns have an incidence rank of 15 [9].
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To calculate the total costs for the public health system the incidence and the cost per patient
are multiplied. For The Netherlands in 1999 superficial injury ranks 2 (13.3% of total health
system costs), open wounds ranks 3 (6.6% of total health system costs) and burns ranks 24

(1.1% of total health system costs) [9].

Meerding et al. also calculated the total costs for each injury group and categorized them by
accident cause (Figure 6). Looking at traffic accidents most costs for the health care system
derive from superficial injuries and skull-brain injuries. Hip fractures and knee / lower leg
fractures rank 3 and 4™ followed by open wounds at rank 5. An important remark on this data;
traffic accident includes car crashes, car-pedestrian/bicyclist crashes, motorcycle crashes, etc.
Because motorcycle crashes have a low absolute frequency in the total amount of traffic
accidents, we may assume that the total costs of open wounds and superficial injury would
rank higher when focusing on motorcycle accidents alone, since these types of injury are
commonly sustained by a motorcyclist during a crash and these types of wounds are less likely

to occur in other types of traffic accidents [9].

Hip fracture | B
Superficial injury Z|
Open wound
Skull-brain injury
H Traffic
Lower extremity dislocation/strain/sprain || — Home, falls
Knee / lower leg fracture == Home, non-falls
1 Sports
Vertebral column / spinal cord injury Occupational
Ankle fracture I Intentional
1 Unknown
Elbow / lower arm fracture
Wrist fracture
Non-top 10 injuries

0 5000 10000 15000 20000

Euro per 1,000 person years

Figure 6: Health care costs of top 10 and other injuries by accident category, The Netherlands 1999
(from Meerdin et al.).
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Impact abrasion resistance test methods

Currently two test procedures for impact abrasion resistance are utilized: the Cambridge
procedure (used in EN 13595 [4]) and the AART (Advanced Abrasion Resistance Tester)
procedure (used in EN 17092[10]) . The EN 17092 series OProtecti\
ri der s 0abrasiommes méthod: AART) is expected to supersede the EN 13595 series
6Protective clothing for professional Mot orcyc
Cambridge). The Cambridge method is known for inconsistent test results due to lack of
reproducibility (CEN/TC 162/WG9 Motorcycle equipment), REVOI T! has decided
research on the AART impact abrasion resistance method, as well as TUDA because the test

method development goes back to decades of research work at TUDA.

The Cambridge method simulates the process of abrasion between a fabric sample and
sandpaper with a constant velocity of 8 m/s. The sample is dropped on the belt sander by a
pendulum with a force of 49 N and a surface pressure of 2,5 N/cm2. The abrasion testing is
carried out as long as the copper wire - that is positioned underneath the test sample - is intact.
The abrasion time until the material is pierced, and thereby cutting the copper wire, is the end
result of this test. The longer a material can withstand the piercing behaviour of the sandpaper

the better its test result. One fabric orientation (warp, weft or 45°) is tested during a run.

The AART method simulates the process of abrasion by orienting 3 fabric samples in 3
directions (warp-, weft- and 45°) on a road surface. The 3 samples are simultaneously
accelerated rotationally to a predefined number of rounds per minute (147 to 707 rpm) and
then dropped from a height of 10 mm on a tile which represents a German concrete road
surface. The fabric sample is dropped with a force of 36,8 N and a surface pressure of 1,875
N/cmz2. The abrasion testing is carried out until the samples come to a standstill on the tile. One
assessment of a fabric consists of 3 runs where a total of 9 samples are evaluated. The test
result is a pass-fail criterion based on a visual inspection of the 9 samples. Whereas none of

the samples is allowed to have a hole larger than 5 mm in any direction for a pass.
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Both methods and their accompanying EN standards incorporate a table that classifies the

performance of the fabrics based on their test criteria; time (Cambridge, Figure 7 left) or

rotational speed in rpm (AART, Figure 7 right) related to the zone
fabric is used in. The Cambridge and AART methods mainly test abrasion during a slide, taking
the factor oO0impacto6é in impact abrasion | ess

N and 36,8 N) are currently not sufficient to mimic a fall from a motorcycle during a crash.

o

Figure 7: Cambridge (left) and AART (right) abrasion test setups

Crashed Garment Analysis

REVOI T! has d oanalyzeé 1V trealdife @ashe:d garments that have been returned
by consumers. For each case, the garments and their damage are photographed and
measured. Measurements were taken by a calliper and rounded up or down to 5mm in case of
surface area damage and 2mm in case of hole formation. The colour code indicates the type of
garment failure, the size of the circle indicates the approximated size of the failure

accompanied by the measurement in 2 directions (Figure 8).

(blue = sliding rupture / burst; red = melting; black = cut; green = burst; shaded = loss of mass)

The product and the production codes were noted for each damaged garment. For 5 cases
data was available regarding the actual accident scenario: 3 from written notes and 2 from
interviews. Because the data from the written notes was not complete, the sample size was too

small to further investigate by statistical analysis.

on
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Crashed Garment Analysis Form

nnnnnnnnn

Figure 8: Example of a crashed garment analysis form with markings for failures and measurements

The initial analysis of these crashed garments resulted in a classification based on type of

fabric damage due to impact abrasion into 5 categories:

1) Sliding rupture / burst: gradual hole formation & rupture due to a slide.

2) Fabric Melting: fabric melting due to friction and thermal energy in a slide.

3) Loss of mass: surface pilling / minor damage without hole formation due to a slide.

4) Impact rupture / burst: instant rupture/burst because of grabbing of material due to the
fast-moving garment impacting a stationary road surface.

5) Cut: cutting of fibres due to sharp elements in a slide.

By identifying the affected fabrics in the crashed garments and comparing the visual aspects

with the test results on the AART, a relation was established between real life crash damage

and the behaviour of fabrics in a laboratory test setting. It has proven to be difficult to isolate

the individual categories completely since 6 i mp a c t abrasiond mechani s me
combinat i on of multiple forms of damage in the same
6l oss of massd and possibly O6cutd).

Four out of five of the categorized types of damage are reproduceable on the AART machine in

a laboratory setting. The impact abrasion mechanism that leads to the type of damage
described as O6i mpact rupture [/ burstdéd can curre
due to the mechanical restrictions and the low amount of impact force involved in the initial

drop of the samples on the concrete tile (Figure 9).
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Fabric melting / brittleness due to Loss of mass & structural integrity Rupture / bufst of seam /_fabric unexplored on AA ‘;:;-:.\i
frictional heat during slide due to extreme pilling and minor due to grabbing during slide Rupture / burst of fabric due to
cut during slide grabbing on initial impact

(especially impact zones)

Figure 9: Garment failures and reproductions by lab apparatuses

From the garment analysis it can be concluded
of failure with 34 identified failures out of 96 failures. Melted fabrics are often found (21 cases;
especially in the crash cases associated with high sliding speed); temperature rise appears to
influence fabric integrity. The heat development due to friction between fabric and tile could

result in fabric brittleness and hole forming. The effect and occurrence of melting depends
heavily on the type and composition of fabrics used in the PPE. Loss of mass has 17 cases

and impact burst accounts for 15 cases. Cut is the least common type of failure seen in this
specific crashed garment analysis with 9 failures (Table 1).

Comparing the crashed garments analysis of REVOI

similarities are found. Cut and impact burst are the two least common damage types in each

study. Where Meredith et al. makes a distinct separation between tear and abrasion, the
REVOI T! st udy iirsidentifyingethe imechanisms djenerally involved in impact
abrasion. This study mainly focuses on the type and possible cause of damage involved in

0i mpa abrasiond (the first i mpact on the road
damage types possibly caused by other mechanisms (e.g. a garment being torn on contact

with a pointy bike element).

In this study all crashed garments were PPE compliant garments, whilst the study by Meredith
et al. [5] also incorporated noni PPE compliant garments (Table 1).
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REVOI T! : Meredith et al.:

total %
Damage type Damage type
Sliding rupture 34 35,4 Abrasion 489 77,3
Fabric melting 21 21,9 Tear 72 11,4
Loss of mass 17 17,7 Burst 23 3,6
Impact burst 15 15,6 Cut 8 1,3
Cut 9 9,4 Unknown 41 6,5
Sum 96 Sum 633 100

Table 1: Comparison of damage types between REV'IT! study and Meredith et al. study

A total of 71 failures were analyzed in jackets/overshirts and 25 in trousers/jeans (Table 1). In
93,8% of the failures the fabric itself was affected. Only 6 seam failures were detected in the
total number of 17 crashed garments (Table 2).

Garment type total n total % Failure location total n total %
Jacket / overshirt | 71 74,0 Fabric 90 93,8
Trousers /Jeans | 25 26,0 Seams 6 6,3
Sum 96 Sum 96

Table 2: Garment types and failure locations in REV'IT! study

Each failure was examined by taking calliper measurements indicating the size of the damaged
area or the hole. The length and width or diameters of each hole were registered; rounded up
or down to the nearest 2mm. For loss of mass without hole formation the whole abraded area

was measured (Figure 10); rounded up or down to the nearest 5mm.

Calculating the average area of failure for ever
the highest average area of failure (3163,8 mm?), followed by sliding rupture/burst (1333,8
mm?) and fabric melting (956,3 mm?) (Table 3).

Average Average Average area

Damage type
A2 length width [ of failure
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/diameter diameter

[mm] [mm]
Loss of mass 80,3 39,4 3163,8
Sliding rupture /

51,9 25,7 1333,8
burst
Fabric melting 41,4 23,1 956,3
Impact rupture /

20,0 15,6 312,0
burst
Cut 31,1 1,9 59,1

Table 3: Failure measurements in REV'IT! study

In conclusion, sliding rupture/burst and fabric melting are the two most important damage types
in respect to incidence and soft tissue injury probability. Impact rupture/burst is observed in
15,6% of failures but is currently not reproduceable by the AART machine. The first moment of
impact cannot be reproduced to mimic real-life crash scenarios since the machine setup is
limited to relatively low impact forces. Other damage types related

by the AART machine and show a direct link to examined real-life crashed garments.

It was decided to further investigate case 5 with a microscopic research. Case 5 was selected
because this case had the most diverse types of garment failures. The goal of this microscopic
research was to better understand the underlying causes for garment failures on a
macroscopic and microscopic level and to have a better, more descriptive characterization of

the different types of garment failures (Figure 10).
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Each garment failure area was investigated visually, tactilely, microscopically and given a code
number. A photograph was taken through the oculus of the microscope. A presumption of the
type of failure was recorded based on these inspections. The research and analysis on every

failure area can be found in the appendix A.
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Figure 10: Garment failure zones of case number 5

In the next phase the previous studied garment failures were mimicked in lab conditions.
Where possible an intact piece of fabric was taken from the crashed garment. If this was found
impossible, pieces of fabric were taken from the exact same type of garment and fabric,
preferably having a batch / production order number that matched the crashed garment. These
samples were investigated by using five testing apparatuses: the AART machine to mimic an
abrasive slide (abrasion failure), a tear tester to mimic tearing (tear/tensile failure), a tensile
tester to mimic tensile force (tear/tensile failure), a manual cut test to mimic cutting into the

fabric (cut failure) and a drop tower test to mimic instant impact (burst failure).

Appendix B displays the results of Impact abrasion (AART) machine testing. Different runs
were performed with different rpms (starting velocity before dropping the fabric to the abrasive
tile). The locations of failures on the AART samples were identified and marked by a number
and examined visually, tactilely and microscopically. For each failure the most presumable

garment failure category, or combination thereof, was noted.

Appendix C displays the results of the reconstruction on the tensile testing apparatus

(Zwick/Roell zwicki 1120) in relation to tear. The crashed garment fabrics were tested in three
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directions (warp, weft and 45°) according to EN4674-1:2016, the tear trace was microscopically
analyzed. The same methodology was used to reconstruct the garment failures on a tensile
test according to EN13934-1:2013, only difference was that only two directions were tested

until breakage (warp and weft). These results can be found in appendix D.

Appendix E displays the results of the manual cut test. In this test a sourced fabric sample from
the crashed jacket or trousers was cut by scissors and by a utility knife, having the main aim to
visually identify a cut trace (macroscopically and microscopically).

Appendix F displays the results of a 6drop test
crashed garment fabrics in the Z-axis (instantly compressing the fabric). A drop tower (A.D.

Engineering s.r.l) was used to impact samples derived from the crashed trousers. The samples

were placed on top of a | evel 2 REVOI T! knee pr «
to EN1621-1:2012.

By analysing the observations of the crashed garments together with the results of the
microscopic research and reconstruction with the lab apparatuses, 7 fabric failure categories
were defined. For each category the presumable cause of failure was derived from the lab
tests. With this information and data a categorization was created on the basis of observation

and the cause of failure.

A first distinction in the different fabric failure categories is the occurrence of hole formation or
surface damage. If hole formation is present, 5 categories can be defined: cut, tear/tensile,
abrasion, burst, melting. For surface damage 2 categories were defined: pilling/loss of mass

and crystallization.

Cut 7 Hole formation: Hole formation with clean cut edges due to a slide over a sharp-edged

object (e.g. gravel or glass). The cut trace is influenced by the direction of the slide.

Tear/tensile T Hole formation: Tensi l e force | eading to the disr
and resulting in (slotted) hole formation. The edge of the hole is ragged due to the physical

stress exerted in opposite directions. Tearing can occur on the fabric itself or near a stitch line/

seam.
Abrasion i Hole formation: Fabric is highly abraded (loss of mass). Hole formation often due

to damage on yarn level in combination with tensile force. The yarns at the edge of the hole are

hairy and brushed into the opposite direction of the slide.
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Burst i Hole formation: Hole formation due to an instant impact (compressive force). The

compressive force may be exerted in multiple directions leading to a circular hole.

Melting i Hole formation: Hole formation due to frictional heat (abrasive slide) causing the
yarns to melt.

The edge of the hole feels hard/brittle and bundles of fibres may stick together. The adjacent
area to the periphery often shows signs of crystallization (lustre).

Loss of mass/ pilling T Surface damage: Hairy fabric surface due to pilling of the superficial
fibres. The woven construction is still structurally intact.

Crystallization i Surface damage: Surface crystallization due to friction heat. Increased

lustre, stiffness and brittleness of the affected surface.

Figure 11 gives a detailed overview of each category: picture, evaluation and reconstruction on

macroscopic and microscopic level.
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A flow chart overview of the 7 different categories, the cause of failure, a short description and

a schematic drawing of the failure is displayed in Figure 12.

FABRIC FAILURE

I l

r B ] r ]
HOLE FORMATION SURFACE DAMAGE
| N J A N y |
4 N N N N7 B ) '4 AW 4 \
PILLING/
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Figure 12: Categorization overview of garment failures in motorcycle crashes

This new classification of garment and fabric failures has a more defined demarcation between
the different categories. Causes of failures are linked to the categories and definitions are
supported by schematic representations. The objective of this categorization is to minimize the
amount of doubt between categories. It is to be noted that although 7 fabric failure categories
have been isolated based on observed damage in the crashed garment analysis, a slide (and
therefore the representation on the AART test setup) incorporates a combination of multiple
possible causes of fabric failure. Loss of mass is often combined with tensile forces, frictional

heat and possible cut scenariobs due to sharp el

Additional statistical analysis of the crashed garments could be insightful if more crashed
garments would be collected with accident scenario and rider data. This could give an
indication in which accident scenarios (speed, road condition, first point of impact, rider weight,
type of motorcycle, injury, etc.) the different types of failure occur. This sensitivity study could
be useful to determine if phenomena (grabbing, frictional heat, impact, tension, sharp object,

etc.) are present in a specific accident scenario.
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All garment failures, as found in the garment analysis, could be mimicked on the AART
machine except for instant burst with hole formation. For this type of failure more force is
needed in the direction perpendicular to the running lane plane. The current AART test setup
does not facilitate in mimicking this kind of failure. The AART test setup is validated for a slide
from a l-centimeter dropping height. Instant bursts are mostly likely to occur in zones 1
(Meredith et al.), where the impact protectors are located between the skin and the fabric. This
construction provides extra protection to the skin in case the fabric would instantly burst due to
direct impact.

In order to link temperature rise during an abrasive slide to the influence of temperature rise on
thestructur al strength of a f abr i onthiskoRidio T3B.!A
tensile tester will be modified with heating elements to heat up a fabric before and during a
tensile test. This setup is meant to mimic temperature rise during and due to a slide and at the
same time mimic the 6égrabbingé of a fabr iThe
same test will also be repeated with samples that received a bum mark at different
temperatures. Results of this research are expected to give an indication to what extend fabrics
lose their integrity when they are heated to temperatures that can be reached during an
abrasive slide. The hypothesis is that the tensile strength of a synthetic fabric will be negatively
influenced when its structural integrity is influenced by the combination of temperature rise and
tensile forces. Another hypothesis is that the structural integrity of leather will not be influenced

by temperature phenomena during an abrasive slide.
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3.1.3 Test setup to add additional force at moment of impact during
abrasion resistance testing

One of the shortcomings of the AART machine is
initial crash on a road surface. The AART machine as well as the Cambridge machine are

lacking impact force on the initial drop compared to a real-life crash situation. The aim was to

create a single test setup that can be used to test and analyse the influence of the factor

impact in impact abrasion on fabrics. The test should mimic realistic impact speeds in the X-

and Z-direction. The impacted surface should be comparable to a real-life road surface
(roughness and Youngb6s modul us) .

Requirements for the new test setup:
f Test apparatus enhancing the factor O6i mpact 6
1 Realistic impact speed in x- and z-direction
T Realistic surface roughness and Youngdés modul
1 Consistent / repeatable impact area and impact energy
9 Calibrated and validated test setup

Within the defined requirements six new test setups were proposed. All test setups were
analyzed and inspected for advantages and disadvantages. In the next paragraph these six

concepts will be described together with an explanation of the selected test setup.
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@

Fabric belt drive

A fabric sample is clamped around two cylinders and is accelerated up to a predefined speed

by rotating the cylinders. Once this speed is achieved an actuator moves the rotating cylinders

with the clamped fabric sample down and up in a fast and short movement. In this small time

period the fabric will abrade on a rough surface which can have a variable inclination

(Figure 13).

7

Fabric sample

variable inclination

Figure 13: Fabric belt drive

Oblique impact testing with drop tower

The next t est

setup

proposal s

ad ire thebEAI K621 dseriesh

that is modified by giving the striker or anvil a surface roughness and an oblique instead of a

perpendicular impact (Figure 14). For research purposes the inclination of the oblique anvil can

be modified to see at which angle different impact and abrasion phenomena occur.

Striker with
fabric sample holder

Speed sensor
(re-positionable in height)

Oblique anvil with
surface roughness

B Load cell

Striker with
surface roughness

Speed sensor
(re-positionable in height)

Oblique anvil with
fabric sample holder

Base

Figure 14: Oblique impact with rough surface on the striker & Oblique impact with rough surface on anvil
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Rail system impact abrasion

This test setup consists of a guide rail with a movable sample holder that can be dropped by
deactivating an electromagnet. The sample holder and the impact surface can have a variable
inclination. A laser attached to the sample holder will measure the height of the sample holder
with respect to the impact surface and will trigger the electromagnet at a certain height. An
actuator can be added to the guide rail system for adding additional speed to the sample holder
at the beginning of the test (Figure 15).

of
atof ed
dd\(\oﬂa\ SeE

\" variable inclination

Laser Pod with fabric sample

height measurement detachable by electromagnet
=

(face with roughness

variable inclination

{mpact sul

Figure 15: Rail system impact abrasion

Impact abrasion pendulum

The impact abrasion pendulum (Figure 16) is an ideation of a new apparatus by TUDA, that
works like a rotating hammer hitting a surface with a predefined speed and impact energy. The
fabric is placed in the front of the hammer. By having an additional degree of freedom into the
radial direction the impact force as well as the rotation speed is variable. The angle of impact
can be varied by a different mounting position of the fabric. The impact process can be
activated by the weight of the hammer head and therefore by the centripetal force or by a

position-based releasing of the radial movability of the swing arm.
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Figure 16: Impact abrasion pendulum

Adding extra impact force on the AART machine

This proposal relates to an alteration to the AART machine by adding an extra force to the free
fall of 10 mm of the sample holders. An actuator, capable of intensifying the moment of impact,
will be activated upon free fall. This actuator delivers an additional force for a couple of
milliseconds to the lever arm upon release of the sample holders to the tile. Since the lever arm
is connected to the flange that connects the sarl
period of added force will be transferred to the sample holders. Therefore, this additional force
will result in an intensified initial impact force on the three fabric samples. After the additional
force is added to the initial impact, the AART machine will continue the calibrated and validated
(a person of 1,75m and 75 kg sliding on his/her back) abrasion sliding procedure. The setup
will simulate a force in the Z-axis that approximates a force in a real-world crash (Figure 17).

The actuator must be fast, accurate and deliver enough extra force to mimic an appropriate
impact between a fabric and a road surface during a crash. Four possible actuators have been
selected: a pretensioned spring, a solenoid, a motor with gearbox and a pneumatic/hydraulic
system. In the research phase all four actuators have been evaluated on the three above

mentioned criteria together with feasibility.
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Sample holder 2

Sample holder 3 Sample holder 1

Figure 17: Altered AART machine

Selected test setup
All possible test setups described above were reviewed on advantages, disadvantages,
feasibility and producibility of the results. The AART test setup is considered the most feasible

because of various reasons explained below.

The AART machine is a validated test apparatus and is incorporated in the EN 17092 [10]
series. It is the only test setup in the list of concepts that has a clear calibration procedure as
described in EN17092-1 [11]. The garment analysis has shown that fabric damage, occurring in
real-life accidents, can be reproduced with the AART test method. The fact that fabrics may
have a weaker direction is solved by a simultaneous multi-directional assessment, three
sample holders testing the fabric in warp, weft and 45 degrees. This also allows for different
kinds of sensor data for each run. The rotational speed before release of the sample holders
can be regulated and predefined. These speeds have been derived from real-life crash
scenarios (a person weighing 75 kg and crashing with a certain speed) as well as the impact

surface which is derived from a German concrete road surface.
The lack of force in the Z-axis direction can be improved by an actuator; theoretically without

influencing the calibration of the machine. TU Darmstadt has explored and engineered this test
setupin T3.1withtheas si st ance of REVOI T!
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Ideation on force mechanism

For getting a better idea of possible solutions for mechanisms which allow for producing
additional forces into the Z-direction on the AART machine a product design processing was

undertaken by TUDA. A morphological box was created, which can be seen in Table 4.

Art of Energy Electrical Pressure Thermal Swingmass  Spring tension
Introduction of Directlyon  Rope tying On foot On turning

Movement swingarm pedal mass

Release snaping valve magnetic piezoelectric Linear

actuator
Actuator Electrical Linear Linear- Torsion spring Hydraulic Piezo-
machine spring actuator Actuator Actuator

Triggering mechanical  electrical pneumatic

Table 4: Morphological Box for Impact Force Mechanisms

The easiest way to get additional impact energy is to increase the falling height of the sample
holders. The additional force is depending on the height and the weight of the rotating system.

For a first proof of concept TUDA started with varying the impact parameters by testing
different drop heights. The height was varied between 5 and 20 mm. A relation between drop

height and velocity level after first deflection could be concluded (Figure 18).

drop height 20 mm )
drop height 15 mm
drop height 10 mm
drop height 5 mm

Velocity level after
first deflection

Velocity in rpm

0 01 0.2 0.3
Rotations in -

Figure 18: Relation between drop height and velocity
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A first explanation is a higher deceleration phase because of the higher deflection of the elastic

rubber underneath the fabric.

The same behavior could be seen in the development of the sliding distance. In the friction
coefficient no significant influence was noted (Table 5 and Table 6).

Drop height 5 mm 10mm 15mm 20 mm
Rotations 9.55 9.45 9.27 9.25
Distance 27.00m 26.72m 26.20m 26.15

Table 5: Correlation between drop height and sliding distance

Drop height 5 mm 10mm 15mm 20 mm

Mean friction

- 0.51 0.512 0.518 0.517
coefficient

Table 6: Correlation between drop height and friction
coefficient

For a first proof of concept this additional energy was enough, but the need for additional

energy by an actuator was identified.

From the morphological box three possible methods were chosen and prototypically designed.

Electrical Actuator

The first idea was an electrical actuator, for example a controlled step motor plus gearbox,
inducing the force into the system by a lever (Figure 19). The benefit of this solution is a precise
positioning and a good releasing behaviour as well as the possibility for only short additional

forces
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Figure 19: Electrical Actuator for additional Force on the
AART

Preloaded Spring
The second mechanism is an actuator with a linear, preloaded spring, released by the
powering of an electromagnet (Figure 20). Thereby a fast actuation is guaranteed. For varying

the force the use of different springs is possible, but the system is less flexible than others.

Linear

A Sp””g . Electro

magnet

lever | |

Figure 20: Linear spring actuator for additional force on the AART

Pressure Actuator

The third idea is to use pressured air or oil and a valve system controlling the position of a
piston (Figure 20). The system can be triggered by an electrical signal but is more difficult to
control than the spring system. On the other hand, a variable and fast positioning of the piston

is possible, which leads to a great variability of the mechanism.
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Pressured
Air/Oil

lever

0

Figure 21: Pressure actuator for additional force on the
AART

Selection of concepts

The selection of the system to be developed was made based on an evaluation according to
the criteria of feasibility, safety, controllability and additional energy that could be delivered by
the system. Due to the high amount of additional energy required, the additional effort involved
in controlling and regulating the system, and the lower energy density of the system compared

to the other possible solutions, no system with an electric actuator was selected.

A solution with an additional pressure system and an air or oil pressure actuated actuator offers
great advantages in terms of the additional energy that can be brought in due to the high
energy density of the medium. At the same time, special safety rules must be observed when
using high-pressure systems, as additional monitoring of the system for leaks is necessary.
The necessity of an energy conversion and the special effort in controlling the system led to
bad ratings in these categories. For these reasons, the concept of pressure actuated actuator

was not pursued further.

In the end, the concept of additional energy by a preloaded spring was selected. The concept
received the highest ratings in the categories feasibility, safety and additional energy to be
applied. At the same time, it can be easily controlled by integrating it into the existing release

mechanism.
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Design of the System

Figure 22: Design of extra-force mechanism with preloaded spring

The developed additional system consists of an adjustment range executed via slotted holes
(Figure 22 (1)), whereby the pretension of the spring arranged above can be variably adjusted.
The spring (Figure 22 (2)) itself is guided in a bushing (Figure 22 (3)). An internal guide
element additionally limits the direction of movement of the spring. This ensures a linear
application of the force to the release mechanism. The length of the spring is selected in such a

way that after the test has been triggered, the spring no longer has any influence.
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3.1.4 AART sample holders equipped with sensors

To further explore the mechanisms leading to different types of fabric damage, as described in
the crashed garment analysis additional data should be acquired; preferably directly derived
from the fabric samples during AART testing.

The garment analysis showed two major differences in fabric damage mechanisms:

- Damage on initial impact: instant grabbing of a fabric leading to burst (relatively thick
edges at the periphery of the hole; showing signs of broken yarns), tear and or cut.

- Damage during sliding: heat development due to frictional energy which could lead to
melting or brittleness and eventually hole formation (melted edges or fabric area),
abrasion that could lead to hole formation (thin / abraded edges at the periphery of the
hole often paired with signs of melting, grabbing and surface pilling), grabbing during a

slide leading to rupture (folded-over, abraded edges), tear and/or cut.

A fabric or seam that impacts with a certain X- and Z- velocity on a rough surface may instantly
grab on this surface causing a possible instant burst of the fabric or seam. To obtain more
information on the aspects that may lead to instant grabbing of a fabric during the initial
moments of impact, tensile and/or pressure sensors can be placed inside the sample holder
underneath the fabric. These sensors in combination with additional force on initial impact
(AART impact actuator, see previous section) will provide information regarding the multi-
directional strain and stress in the fabric on instant grabbing and the forces needed to create

an instant fabric rupture.

Sliding abrasion, scraping of the fabric on a rough surface, may lead to one (or more) impact
abrasion phenomena. The friction energy during a slide can lead to heat development, which
may lead to brittleness and / or melting. A rupture or burst is now more likely to occur because
the fabric has lost its dimensional stability. A heat sensor in the sample holder or inside the tile
can monitor this process over time and can give more information about heat development

during a slide and how fabrics react to this sudden temperature change.

Hole formation is a possible outcome of the AART test run. It can be measured by visual
inspection, by a scabke odénmpseér gapr beomedsalr ed)
monitor the hole formation. This sensor could give more information on the exact time of hole

formation during the test run.
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The initial garment analysis paired with visual and tactile inspection of AART-tested fabrics
resulted in four proposed sensor categories to be engineered to monitor the physical behaviour

of fabrics on impact abrasion testing.

The first sensor category is a heat sensor to measure heat development. The second category
is a tensile sensor to measure the multidirectional stress inside a fabric during impact and
ding The third
provide information on the exact moment a hole is created during impact abrasion testing. The

sl abrasi on. sensor

last sensor category is a pressure sensor. This sensor should provide information on the initial
impact and the development of pressure (points) over time during the abrasive slide.

REVOI T! focused on the devel opment of t he
focused on the hole formation sensor and pressure sensor as well as real-world parameter
studies aiming for calibration by means ofreal-l i f e crash compari son
and consult TUDA with the validation in T3.5 of the adapted test setup(s) with the new sensors.
nd mechanisms “:I ‘ 7 J - I Study TUDA
3.1 Sensoric Pod: ) : ) S 7 o ¥-‘ ; :
o 4‘ s F ;@ . e =N o
e | — =
Figure 23: Phases and inputs of the 4 different s
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Heat development sensor

To explore the temperature rise of a fabric during an abrasive slide multiple monitoring
solutions were investigated during task T3.1. The first group of monitoring solutions were
temperature films and labels. This first group has a discrete time evaluation of the temperature,
because of this disadvantage more time was allocated in the research phase to the second
group of monitoring systems. This group consisted of contact sensors and infrared sensor.
Eventually the infrared sensor was chosen as monitoring solution because of its ability to

continuous monitor and its fast sample rate.

A
Temperature
stickers v -
Temperature " —~
film \ }
.

,

Temperature
film and labels

i
|

I

Temperature
testing on AART

——

Contact sensors K-type /_ ;
thermocouples
\ o J
MLX90614 \ )f

L
e ————
MLX90621 o m
120° x 25° FOV isay T v e
o

Figure 24: Explored monitoring systems to capture the temperature rise during an abrasive slide

Sensors

Irreversible temperature labels

To develop a sensor sample holder for the AART machine that monitors thermal behaviour of
fabrics during an abrasive slide, a first approach was to measure heat development of the
abrasive surface. A FLIR167 FIR camera was aimed towards the concrete tile during a slide
and the heat development on the tile was monitored (Figure 25). Although this test setup
confirmed an expected temperature rise (although very limited) due to friction, the
measurements were inaccurate and solely provided an impression of the abrasive road surface

temperature; not so much of the actual fabric.
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Figure 25: Temperature rise on part of the AART abrasive surface during a slide

In the second experimental test setup non-reversible temperature labels were used. These
labels indicate the maximum temperature reached by shifting colour. Each label has 5 dots,
indicating 5 possible maximum temperatures. Two benchmark fabrics were selected in this test
setup: Polyester Ripstop PU2Time 50G (hole formation at 324 rpm) and Schoeller Dynatec

(hole formation at 530 rpm).

A temperature label was added to the back side of each fabric samples (Figure 26, left). Due to
the thickness (0.2mm) and small diameter of the temperature stickers, the abrading area on the
fabric was minimized and raised. Therefore, increasing the pressure and eventually resulting in

an early hole formation compared to the benchmark fabric (Figure 26, right).

‘

Figure 26: Irreversible temperature labels on fabric samples

To reduce the extra pressure due to the size and thickness of the temperature label, an
additional sticker was added around the label to fully level out the abrading area (Figure 27,
left). Imprints of the labels on the abraded surface could still be seen after testing, indicating
that the integrity of the fabric is affected even by the placement of a levelled temperature label

(Figure 27, right).
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Figure 27: Results of irreversible temperature label with a surrounding sticker

In order to improve the experimental test setup, the temperature labels and surrounding
stickers were placed on protective Kevlar layers behind the fabric to be tested (Figure 28, left).
Although the results of this test setup (Figure 28, right) seemed to be more precise without
affecting the actual fabric abrasion, the temperature indication on the individual stickers was
not clear enough to draw a final conclusion. Temperatures appeared to differ between 40°C
and 88°C. A first impression of the experiment is that friction between a fabric and a road
surface can result in temperatures of at least 88°C at the back side of the fabric.

Figure 28: Irreversible temperature labels with a 2-layer surrounding sticker

Besides this deviation and the fact that pressure is influencing the measurement of the stickers,
it is noted that temperature labels have a disadvantage regarding real-time monitoring. Only
the maximum reached temperature is indicated (no indication over time during the slide) and
the measurement is non-continuous. Because of these disadvantages other possibilities were

explored.
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Temperature film

Thermoscale film by the company Fujifilm was explored secondly as a temperature monitoring
system. Two temperature ranges were used in this test setup: Thermoscale 200C and
Thermoscale 100. The first product has a temperature range between 150°C and 210°C with a
necessary contact time between 5 and 20 seconds. The second temperature film has a range
between 80°C and 105°C with a necessary contact time between 1 and 10 seconds.

For this test setup the film was cut into a rectangular piece that would cover the rubber of the
AART sample holder. The film was attached to the sample holder by using professional
adhesion tape. The result, a colour shift of the temperature film, was analyzed visually by the

operator.
150 160 7 180 190 200 210 A

Contact for
1 second

Contact for
10 second
Contact for
60 second

“Mote: The above sample colors were produced by Fujifim under test conditions.
Callbration should be performed under actual usage conditions to ensure lemperalure comaspondence.

[ Recommended temperature range: 15°G-30°C_ Recommended humidity: 35% AH-B0% FH_|

Figure 29: Thermofilm test setup with Thermoscale 100 and colour shift chart

After performing multiple tests it was concluded that the temperature film had the same
disadvantages as the temperature labels: non-continuous monitoring and only a maximum
temperature as test result. In respect to the temperature labels, no increase of pressure was
witness by adding the temperature film. Another shortcoming of this test setup is the difficult
determination of the temperature. Because the colour shift is related to the maximum
temperature that was reached but also to the duration of this temperature. This objective visual

inspection makes a precise and accurate temperature reading almost impossible.

K-type Thermocouples
As a third option, K-type thermocouples were explored in task T3.1. The Seeed studio grove
high temperature sensor was selected and coupled to an Arduino Uno microcontroller. The

data was saved on an SD-card via the Vellemann VMA202 data logging shield.
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Figure 30: Thermocouple without and with cover, and placement inside the sample holder

To have a flush and even contact surface between the sensor and the fabric specimen a cover
was engineered out of aluminum which is in contact with the thermocouple. Test were
performed with and without this cover, the sensor was always placed in the middle of the

sample holder.

The data of this test setup was analyzed with MATLAB R2019A, but the data showed
unsatisfactory results.

The main issue is the slow response time of the thermocouple in this test setup which makes
the collected data unfit for research on the fast temperature rise during an abrasive slide. The
cover for the thermocouple did decrease extra pressure points but was unable to completely
negate this unwanted effect. Because of these reasons another monitoring solution was
selected.

Thermocouple Measurement Nylon Ripstop 45 kmh No Kevlar Backing
T T

Temperature [C]

| | L | |
05 | 15 2
Time [ms]

Figure 31: Graph of temperature in relation to time, data collected by a K-type thermocouple
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Infrared temperature sensor

MLX90614

To diminish the negative influence of contact temperature measurement devices (e.g.
thermocouples or thermistors) on the calibrated test protocol, an infrared temperature sensor
was selected for a first proof of concept. A MLX90614 infrared sensor was coupled to an

Arduino Uno microcontroller (maximum sample rate of 10 Hz and sensor accuracy * 0,5°c).

The MLX90614 was mounted as close as possible to the running lane and taped on the
concrete tile observing the fabric every time as it passed by during the abrasive slide (Figure
32). No major temperature shift was detected in the data. The logical explanation is that the
sensor is unable to detect a proper temperature change whilst measuring the side of the fabric.
Besides this inability to measure, 10 Hz for this kind of measurement may not be fast enough

(resulting in only 15-20 measurements on one slide of approximately 2 seconds duration).

Figure 32: Arduino temperature sensor (MLX90614) and setup on tile

To solve the placement of the infrared sensor an SD card shield was added to the Arduino
setup and, a MATLAB script was developed to analyse the data. The temperature data is
stored on the SD card during a test run, afterwards the CSV file was imported into MATLAB
and analyzed. The measurement setup consists of Arduino Uno, Vellemann VMA202 data
logging shield, SD card, pull-up resistor circuit and a MLX90614 sensor 5° FOV (Figure 33).
Two sensor placements were investigated with this setup: a first one on the side of the sample
holder and a second one inside the sample holder. Both positions were first investigated by
using CAD drawings in Rhino 6.6.
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Figure 33: SD-card logging of data with Arduino Uno and a MLX90614

Each configuration was tested by measuring the temperature of a heating panel during
aerodynamic test runs of the AART machine and by performing impact abrasion runs at
different rpms. During the aerodynamic runs no sample fabric was present in front of the
infrared camera. The validation of the infrared sensor was performed by measuring the same
heating panel with a K-type thermocouple a FLIR167 FIR camera and the MLX90614. During
the impact abrasion testing a Polyester Ripstop PU2Time 50G was examined, this is the same
fabric that was used in the irreversible temperature labels tests. Two configurations were
explored: one with the infrared sensor inside the sample holder (Figure 34) and one with the
infrared sensor strapped to the outside of the sample holder (Figure 35).

Figure 34: Test setup IR sensor inside the sample holder, calibration and validation of test setup
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el

Figure 35: Test setup IR sensor outside the sample holder, calibration and validation of test setup

Slip ring design for AART machine

To avoid additional mass (microcontroller and battery) on the rotor of the AART machine,
sending data via wireless data transfer (Bluetooth or Wi-Fi) or logging data onto a SD card the
researchers opted to integrate a slip ring in the design of the AART machine. Adding mass
would have an influence on the rotational inertia of the system and thereby altering the already
validated AART machine. Data transfer by Bluetooth or Wi-Fi would give many problems with

communication at high rpms.

The slip ring that was selected for this addition to the AART machine was the Moflon MC400-
VD-CW1GV2-M1759. This slip ring support 24 circuits (Max 2A each) and a maximum
rotational speed of 1000 rpm. For reference the highest selected rotational speed during a test
run is 707 rpm on the AART machine, this is equal to 120 kmh.

The casing for this slip ring and the attachment structure to the AART machine was designed in
Rhino 6.6 and manufactured by Shapeways 3D printing service in nylon-12 with a selective

laser sintering technique.

By having 24 wires from and to the slipring 6 IR sensors could be monitored with an I2c

protocol (Vdd, ground, data, clock) without interference or delay.
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Figure 36: Moflon MC400 series, CAD drawing of slip ring design & Final slip ring setup on
AART

MLX90621

After experiments with the MLX90614, a newer and superior infrared sensor of Melexis was
used in the final test setups. The MLX90621 sensors can measure the temperature of an array
of 16x4 pixels. This in comparison to the MLX90614 MLX90621 MLX90614 has a temperature
range of -20°C to 300°C and a sample rate up to 512 Hz. These two paraments made this
sensor perfect for this application, besides being small. Three FOVs (40°x10°, 60°x16° and
120°x25°) were explored in two different test setups. In both setups the largest FOV was the

better choice because a larger spatial area could be monitored.

The first experiments were conducted using the Melexis evaluation board (EVB90621) together
with the accessory software. Because this evaluation board would only allow one sensor as
monitoring system, a microcontroller was programmed to monitor 6 ML X9 062106 s

simultaneously.

Different microcontrollers were used during the design and programming phase together with a
multiplexer (TCA9548A) using the 12C protocol with 6 identical infrared sensors. In order the
following microcontrollers were used: Arduino Uno, Arduino Due, ESP32-V1, Teensy 4.0. The
Teensy was selected because of its significant higher processor speed (600 MHz), tiny form
factor and its ease of programming in the Arduino IDE. For each experiment or test run the
data was directly logged using Coolterm, a simple serial port terminal application, on a

Windows laptop.

D3.1 Page 65 of 256 14/12/20



() PIONEERS

INNOVATION FOR RIDER SAFETY

Because the official Arduino library for the MLX90621 was missing some important features,
like mean temperature of the 64 pixels and a calibration off-set, additional code was written for
this sensor. In the final test setups the infrared sensors were configured with a sample rate of
512 Hz and a resolution of 18 bit. Calibration and validation of the sensors was performed by
placing a paper cup with hot water on the sensors. A calibrated lab thermometer and a FLIR
were used as reference measurement devices. The sensors were cleaned after every test run

using compressed air.

Figure 37: Left: Validation and calibration method, Right: Cleaning method

Two test setups were designed by using 6 non-contact infrared sensors. In the first test setup

the infrared sensors are placed inside the sample holders. Holes were made in the rubber of

the sample holder to accommodate two sensors.

Each sample holder contains two sensors but placed in a different direction (warp, weft, 45°).

This test setup is further referred to as 061l n s

same direction (weft) on each sample holder during every test run.

Figure38: Schematic representat.
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Figure 39: Left: Cross section of the sample holder with sensor, Right: Sample holder with 2 IR
Sensors

To get information about the decreasing rotation speed of the rotor during a test run on the
AART machine from the moment of drop till standstill, a hall effect switch sensor (SS44EMOD)
was coupled to the same microcontroller. Around the shaft of the rotor a disk with tiny magnets
inside was placed. This disk is attached to the shaft and therefore has the same rotation speed
as the rotor. The hall sensor can measure each of these magnets by passing and via an
Arduino script measure the rpms of the rotor during an abrasive slide.

Figure 40: Left: Hall sensor and magnet ring; Right: Final Test Setup 'In Sample Holder'

The second test setup design is referred to
are placed in the tile inside the running lane. In each quadrant a sensor is placed and in
quadrants 1 and 2, two sensors are placed closed to each other. This test setup was tested
and evaluated at the TU Darmstadt facilities because a spare AART machine with an already
cracked tile was available for testing.
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SAMPLE HOLDER 2

4

SAMPLE HOLDERL

Figure 42: Schematic represen:
til ed.

b

Figure 41: Left: Cross section of the sample holder with sensor; Right: Sensor Placement in tile
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To know the moment of impact of the sample holders on the tile, an additional accelerometer
(Sparkfun Ism9ds1) was coupled to the microcontroller and placed inside a protective casing.
The whole center unit was attached to the underside of the tile to measure the g-force that is

acquainted with the impact of the sample holders onto the tile.

Figure 43: Left: Microcontroller with accelerometer in casing; Right: Final Test setup in tile

~

Results and discps$ei bolderdl nhesamset up

Figure 44 and Figure 45 were created in MATLAB by filtering and analysing the raw data from
the infrared sensors and the hall sensor. Each of the 6 temperature sensors has its own colour
and visualizes the temperature increase over time during an abrasive slide on the AART
machine. The rotational speed of the rotor is graphically displayed by a black line. Both the
maximum rpm and the moment of impact on the tile are displayed by dashed vertical lines,
respectively in black and red. The moment of impact was calculated by the using an iterative
method to find the steepest decline in the hall data. Maximum temperature, mean and
maximum slope were calculated for the temperature data for each sensor and for all sensors

combined.
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Nylon ripstop was tested at 7 different rotational speeds from 30 till 70 kmh, with 3 sample runs
for each rotational speed. The highest rotational speed was determined as the speed were hole

formation was first observed.

Maximum temperatures for the 4 graphs (Figure 44) below are: 69,97°C (30 kmh); 100,77°C
(50 kmh); 120,18°C (60kmh); 142,55°C (70 kmh). Steepest temperature slopes are: 4,63°C/ms
(30kmh); 6,51 °C/ms (50 kmh); 8,77 °C/ms (60 kmh); 9,29 °C/ms (70 kmh).

Tt e S e et s Terperar e et Seews Ot v .

i
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Figure 44: Results 6in sample holderd for nylon r
rotational speed
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Performance leather was tested at 8 different rotational speeds from 30 till 120 kmh. The
highest rotational speed was determined as the maximum rotational speed according to

EN17092 because no hole formation was observed.

Maximum temperatures for the 4 graphs (Figure 45) below are: 60,90°C (50 kmh); 64,42 °C
(70 kmh); 71,68 °C (90kmh); 83,42 °C (120 kmh). Steepest temperature slopes are: 2,78
°C/ms (50kmh); 2,62 °C/ms (70 kmh); 2,73 °C/ms (90 kmh); 3,61 °C/ms (70 kmh).

Figure 45: Results 6in sample holderd for perfor me
rotational speed
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Other fabrics that were tested wi t h t hi s t est setup were O6PWR

mesh fabric.

A meta-data analysis was performed on the temperature data of nylon ripstop and performance
leather. All combinations of two different parameters (maximum temperature, mean
temperature, maximum temperature slope, time after impact for maximum temperature,
rotational speed, mean friction coefficient, sliding time and sliding distance) were fitted with
linear, second polynomial and exponential curves. For each data fitting the adjusted r? value
was calculated.

Figure 46 displays the data fit of maximum temperature (°C) in relation to rotational speed
(kmh), nylon ripstop on the left and performance leather on the right. The sensors are divided
in 4 categories: sensor outside (position 1), sensor outside-front (position 3), sensor back

(position 5), and all six sensors combined. See Figure 38 for the sensor positions.
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Figure 46: Linear and exponential curve fit of maximum temperature vs rotational speed, nylon ripstop (left
side) & performance leather (right side)
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Based on this analysis we can assume a linear relationship between rotational speed and
maximum temperature, both for nylon ripstop and performance leather. This relationship can
be observed in all four sensor categories with high r2 adjustment values (> 0.96). Another
observation of this meta-analysis is the high precision of the test results in the nylon ripstop test

runs (3 runs at each rotational speed).

When analysing the maximum temperature of each sensor individually a differentiation can be
distinguished according to the location of the sensor. Figure 47 displays this differentiation for
nylon ripstop at a rotational speed of 55 kmh. The sensor outside-front (position 2) has the
highest maximum temperature, the sensor inside (position 4) has the lowest maximum

temperature in this test run.

This observation can be generalized for the other test runs as well. The highest maximum
temperature is reached at position 1 or 3 (outside or outside-front senor). The lowest maximum
temperature is reached at position 4 or 6 (inside or inside-back sensor). This conclusion can be
explained by the faster rotational speed at the outside sensors (points further away from center
of rotation cover a larger distance in the same amount of time) and the linear relationship

between maximum temperature and rotational speed.

Figure 47: Maximum temperature differentiation based on sensor location in sample holder
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Another interesting phenomenon that could be deducted from the temperature sensor data is

the moment of hole formation. When a sensor detects a sudden drop in temperature during the

abrasive slide, we can conclude that this occurs because of hole formation. The IR sensor will

not measure the backside of the fabric anymore but will measure the temperature of the tile

when a hole is formed on the location of the sensor.

This hole detection monitoring can be noticed in Figure 48 and Figure 49. On the first figure a

test run of nylon ripstop at 60 km/h is displayed, on the second figure a test run of the same

fabric is displayed with a test speed of 65 kmh. At 60 km/h no hole formation is observed, at 65

km/h hole formation can be observed on the right fabric sample (sample holder 3).

D3.1

Temperature (°C)

Temperature [°C)

Temperature °C)

Temperature Sensor Outside

Temperature [°C)

Temperature [°C]

Temperature [°C]

Indivual Temperatures with Feature Extraction and Hall Sensor Data

128541061 rpm = 60 kmh L

5 0 5 0 15
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1595°C
1159°C
A ss9°cims

Figure 48: Temperature data from 6 IR sensors at 60 kmh of nylon ripstop,

test run results with no observable hole formation.
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Figure 49: Temperature data from 6 IR sensors at 60 kmh of nylon ripstop,
test run results with observable hole formation on right sample

Sample holder 3 contained IR sensors outside-front (position 3) and inside back (position 6).
On the graph we can clearly see a sudden drop in temperature on these two sensors during
the abrasive slide. The maximum temperatures are also higher than the other sensors and the
maximum temperature is reached before the end of the slide. The temperature of the inside-
back sensor does not drop to the tile temperature presumably in this case because some fabric

is still covering the sensor.

Results and discussionof 61 n til ed test setup

Figure 50 and Figure 51 were created by filtering and analysing the raw data from the infrared
sensors and the accelerometer. The data of all six infrared sensors was combined and
displayed as a black line in the graph. Piecewise Cubic Hermite Interpolating Polynomial
(PCHIP) was used on the raw combined temperature data to create an upper envelope with a
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good balance between smoothness and definition. PHCIP avoids overshoots, can accurately
connect flat regions and has less oscillation if the data is not smooth. Because of these
features PHCIP was chosen over Makima or spline interpolation. The maximum temperature

was calculated and marked in the graph with a star mark.

The measured temperatures before the impact on the tile is higher than the room temperature
because the sensors are measuring their own heat when there is no object in front of the
sensor.

This hypothesis was tested during the calibration and validation of each sensor, the measured

temperature ofanobj ect was still within 2 AC deviation.

sample holderdo test setup.

The moment of impact was calculated by the using the data of the accelerometer that was
taped to the underside of the tile. The raw data for each axis was offset to zero by adding the
mean of the signal to the raw data. To turn the negative accelerometer data positive the
absolute value was taken of the signals. A peak algorithm was used on the upper RMS
envelope of each signal to calculate the first peak in g-force of each axis. The minimum sample
time of these three peaks was computed. The moment of impact was later determined as this
minimum sample time minus 450 ms. By performing this subtraction, the onset of the first

acceleration peak coincides with the moment of impact on the tile of the sample holders.

In Figure 50 and Figure 51 the accelerometer data is displayed in 3 colours, one for each axis.
The maximum g-force is marked by a triangle and the moment of impact by a dashed black
line. The calculation for the maximum g-force will later be important during the real-world

validation in T3.5 together with TU Darmstadt.

During the visit to Darmstadt five materials were tested, the same nylon ripstop and
performance | eather as wused in the 6l n smw
fabrics: Magnum poly grey. Magnum poly blue and a Cordura® canvas denim. Nylon ripstop
was tested at 4 different rotational speeds from 30 until 70 km/h, with two additional test
sequences: one without Kevlar backing layers and one with the additional force mechanism
createdby TUDA (see previous section O6Addi t i onateribl,
the highest rotational test speed was determined as the speed were hole formation was first

observed.

mpl e

force

D3.1 Page 76 of 256 14/12/20



PIONEERS

INNOVATION FOR RIDER SAFETY

Maximum temperatures for Nylon ripstop of the 4 graphs (Figure 50) below are:
94,76°C (30 kmh); 131,14°C (50 kmh); 150,04°C (60kmh); 162,26°C (70 kmh).

Figure 50:

Resul t s ¢ iripstop fabricerespettively at 80y 30,068 and 70 kmh rotational

Performance leather was tested at 4 different rotational speeds from 50 until 120 kmh. The

highest rotational speed was determined as the maximum rotational speed according to

EN17092 because no hole formation was observed.

D3.1
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Maximum temperatures of the 4 graphs (Figure 51) below are:
127,21°C (50 kmh); 158,82 °C (70 kmh); 167,06 °C (90kmh); 194,00 °C (120 kmh).

Figure 51: Results 6in tileb6 for perf or md20&kmh rotaticnal
speed
A meta-anal ysis was performed in the same way as

Linear, polynomial, and exponential curves were fitted for the 7 test sequences. Figure 52
shows the relationship between maximum temperature and rotational speed. Figure 53 shows

the relationship between maximum temperature and mean friction coefficient of the test run.
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Temperature vs Rotational Speed - Linear Fit
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Figure 52: Rel ationship between maxi mum temperat ul

Based on the graphs and on the r2 adjusted values a linear relationship between maximum
temperature and rotation speed can be concluded. This relationship is verifiable for all tested
materials with the in-tile test setup. We can also clearly distinguish two groups based on the
slopes of the linear curves in the graphs in Figure 52: nylon ripstop (rfal730) with three different
test sequences (normal, no Kevlar, extra force) and the denim fabrics (rfal723, rfal578-1501,
rfal578-3002) plus performance leather.

Figure 53 displays the relationship between maximum temperature and the mean friction
coefficient. Here a linear relationship is not plausible based on the curve fittings and the r2
adjusted values. Fort hi s r el ationship the | i neaexpamentiave doe

relationship is more plausible.
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Temperature vs Friction Coefficient - Linear Fit
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Figure 53: Rel ationship between maxi mum temperatur e

An explanation for this non-linear relationship could be found in the formula for calculating the

mean friction coefficient of a test run.
0 QORI QhOd L0 DQQ@E%S o

Were w 0is the rotational speed at the drop of the rotor, "Qthe gravitation acceleration and S
the sliding distance of the test run. The rotational speed of the rotor at the beginning and end of
the test run is non-linear. At the end of the slide the linear relationship has an exponential
decay towards zero. This could be an explanation for the exponential fit between mean friction
coefficient and maximum temperature, more testing and in-depth analysis is needed to further

proof this hypothesis.

Conclusionso f mpleer at ure monitoring during an abra

REVO6I T! devel oped two different test setups b a

O
>

temperature rise during an abrasive slide:
For both setups, a very fast sampling rate was used (512 Hz), the sensors were calibrated, and
the results were validated. For both test setups Arduino and MATLAB scripts were written to

acquire and analyse the temperature data.
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For the 61l n sampl e h o veskshpring sttuctusetwasdesigneg ancaneatédn no v a't
to fit the AART machine. This solution guarantees a fast and reliable power and data
connection between the microcontroller and the 6 sensors. Additional data of the rotational
speed during the test run was collected by the addition of a hall sensor and magnet ring around

the rotor shaft. This test setup can measure the backside of the test material, which is the

temperature the skin would feel during an abrasive slide.

An important remark about this test setup: because the rubber pad of the sample holder has a
hole to accommodate the field of view of the infrared sensor, no pressure is applied to this
small area of the fabric during the slide. Multiple solutions (Figure 54) were tried to solve this
problem, but none were effective because it would alter the temperature measurements of the
sensors. Solutions with PE tape, different plastics, and Kevlar backing layer(s) were tested but
without positive result. Keeping this remark in mind when analysing the temperature data. The
real maximum temperature at the back of the specimen could be equal or higher than
measured with this test setup because of the absence of pressure directly under the IR sensor.

Figure 54: Two explored solutions (PE tape, Kevlar backing layers) to counter the absence of
pressure

The second test setup, 0 | n consists eféthe sames 6 infraredt sengars but now
encapsulated into the tile. The previously designed slip ring was not needed in this test setup
because the sensors are static. Additional information to determine the moment of impact was
provided by an accelerometer mounted to the backside of the tile. This test setup can measure
the outside of the test material, which is the temperature the material would feel during an

abrasive slide.
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The main advantage of this test setup is the unaltered rubber pad in the sample holder. No
holes are needed in the rubber pad to accommodate the sensors, so no absence of pressure in
this area and a uniform pressure on the test material during a test run. The main disadvantages
are the altered tile (although friction coefficient of the tile did not alter much) and the discrete

measurement of temperatures.

Meta-analysis of both test setups revealed a linear relationship between maximum temperature
and rotational speed of the rotor before drop. Test results were precise and accurate (within
tolerable deviation) for both test setups.

A clear temperature difference can be noted between both test setups for the same test
material at the same rotational speed. For nylon ripstop the temperature difference was

bet ween 16AC and 31AC, with the é6ln tilebd

temperatures. For performance leather the difference was even bigger, between 67°C and
111°C.

Two possible explanations are suggested for the temperature difference between the two test
setups. The first explanation is the absence of pressure in the area around the infrared sensor
in the 6l n sample holderé6 test setup. Lack
between the material and the tile and thus less friction heat. A second explanation for the

temperature is the difference in heat capacity and thickness of the test materials.

A second explanation for the difference between both test setups is the difference in thickness
of the test materials. The thermal resistance, Ry, is a function of the thickness of the material L
and the thermal conductivity k, the ability to conduct heat.

< s
'.O'C

A 100% nylon fabric has a heat conductivity of 0,1287 W/mK according to the TPS standard
test [12]. Leather has a heat conductivity between 0,14 and 0,16 W/mK [13]. These values are
comparable, but the thickness of both materials differs substantially. The tested nylon ripstop
had a thickness of 0,37 mm, the tested leather had a thickness of 1,20 mm. This will result in

almost a factor 4 difference in thermal resistance.
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The specific heat capacity or thermal capacity is the amount of heat to be supplied to a given
mass of a material to produce a unit change in its temperature. Differences in specific heat
capacity and thermal diffusivity could explain the differences in maximum temperatures

between fabrics tested with the same conditions.

@)
<,
o
m\
N

Where Y1 is the amount of heat that must be added to the object of mass M in order to raise its
temperature by Y4. The specific heat capacity of leather (1,5 KJ/kg K) is lower than the specific
heat capacity of nylon 6.6 (1,7 KJ/kg K) [14]. Leather needs less frictional energy to heat up.

Ther mal di f f us thermal condudtivity & (0/i4 W/mis for leather and 0,25 W/mK
for nylon 6.6) with density 1 (0,86 10 kg/ mj
specific heat Cp. It quantifies the thermal inertia of a material, the rate of heat transfer of a
material from the hot side to the cold side. The thermal diffusivity of leather is smaller (around

20%) than the thermal diffusivity of a nylon ripstop, it transfers heat slower [14] .

Based on differences in specific heat capacity, thermal diffusivity and thermal resistance the
temperature differences can be explained between different materials and between both test

setups.
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Hole formation and force sensors

As already mentioned, the TUDA focused on hole formation sensors and the ability to examine
the forces acting on the material. Different sensor systems have been used, prototypes have
been built and their suitability for the measurement of the desired parameters has been
investigated.

The investigated and implemented sensor systems are shown schematically in Figure 55.

Figure 55: Schematic overview of force and hole formation sensors

Acoustic hole formation sensor

A possible detection of hole formation is the changed abrasion noise after the formation of a
hole. The noise of the rubbing samples can be recorded by a microphone and analyzed by FFT
with a suitable software. Changes in the frequency spectrum are a sign for hole formation. In a
preliminary test the acoustic method was tested.

For this purpose a calibrated USB measuring microphone was placed outside the test stand
and the noise of several friction tests was recorded. With the software "Audacity" the frequency
spectra were calculated and displayed.

A significant change could not be detected in any measurement, so that this method was not
pursued further. Especially the high superposition of the friction noises due to turbulences

caused by the rotor movements led to a poor separability of individual influencing variables.
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