PIONEERS

INNOVATION FOR RIDER SAFETY

Grant Agreement Number: 769054
Project acronym: PIONEERS

Project full title: Protective Innovations of New Equipment for
Enhanced Rider Safety

D. 4.2 Advanced PPE systems to
Improve rider protection

Due delivery date: M34
Actual delivery date: M34

Organisation name of lead participant for this deliverable: DAINESE

Project funded by the European Commission within Horizon 2020

Dissemination level

PU Public X
co Confidential, only for members of the consortium (including the

Commission Services)
Type
R Document, report X
DEM Demonstrator, pilot, prototype X

ORDP | Open Research Data Pilot

ETHICS | Ethics Requirement

OTHER

This project has received funding from the European Union's Horizon 2020 research
and innovation programme under grant agreement No 769054.




.! INNOVATION FOR RIDER SAFETY

Document Control Sheet

Deliverable number: D4.2

Deliverable Title: ‘ Advanced PPE systems to improve rider protection

‘ Deliverable date: 28-02-21

Alessandro Cernicchi

Checked by: -

Author(s) and contributing partners

Name Organisation

Alessandro Cernicchi DAINESE alessandro.cernicchi@dainese.com
Davide Amorim REV'IT! DAmorim@revit.eu

Fabio Colombo MOTOAIRBAG fabio.colombo@motoairbag.com
Filippo Galassini Alpinestars product55@alpinestars.com

‘ Document Revision History

‘ Version Date ‘ Modifications Introduced

‘ ‘ Modification Reason Modified by
v0.0 2020-10-15 | First draft Alessandro Cernicchi

Davide Amorim, Fabio

V1.0 2021-01-11 | Content added on all PPEs . .
Colombo, Filippo Galassini.

V1.1 2021-02-16 | Grammar and typo corrections Alessandro Cernicchi

Added pictures and amendment

V1.2 2021-02-19 .
from Alpinestars

Alessandro Cernicchi

Added pictures and amendment

V1.3 2021-02-19 from REVIT

Alessandro Cernicchi

V1.4 2021.02-2 | Added introduction and executive |\ 10 Cernicehi
summary

Marta Tobar Alessandro

V1.5 2021-02-25 | Review . .
Cernicchi

D 4.2 Advanced PPE systems Page 2 of 89 26/2/21
to improve rider protection


mailto:alessandro.cernicchi@dainese.com
mailto:DAmorim@revit.eu
mailto:fabio.colombo@motoairbag.com
mailto:product55@alpinestars.com

PIONEERS

INNOVATION FOR RIDER SAFETY

Document Distribution Log (Before submitted, to members of Advisory Board or
Associated Partners)

‘ Name Organisation E-mail

D 4.2 Advanced PPE systems Page 3 of 89 26/2/21
to improve rider protection



PIONEERS

INNOVATION FOR RIDER SAFETY

Publishable Executive Summary

One of the four main pillars of the PIONEERS project was to develop a new set of PPEs for
motorcyclist, which exceed the current state of the art. The four industrial partners of the
project worked in parallel tasks within WP4 each aiming at developing enhanced PPEs for the
four main regions of the human body addressed by the project, which are head, upper torso,

pelvis and lower legs.

DAINESE developed novel energy absorbing concepts for the manufacture of helmet liners
with advanced brain protection. The technologies explored was 3D printing and the use of
modular structures made with more conventional and cost-effective manufacturing processes.
A replacement for standard EPS liners was sought. These liners have 2 fundamental limits
which were addressed with the new technology: they are unable to manage efficiently impact
that cause sudden and dangerous rotations of the head and they are not breathable.

REV’IT! developed a protective inflatable, as well as the garment to accommodate this PPE,
aiming to improve the brand’s state-of-the-art in thorax protection. Throughout the
development process different manufacturing methods, technologies, structures, and airbag
designs were investigated to optimize the protective performance of the inflatable. This
process resulted in an airbag system incorporated in a comfortable garment. The PPE

complies to the applicable European standards for both airbag and motorcycle apparel

MOTOAIRBAG developed a new airbag for thorax protection. The focus was to enlarge the
use of protective airbag meeting EU standard. End user price, user-friendliness, high
protection, reliability and comfort guided the development. A complete working prototype was

produced and passed the EU protective requirements.

DAINESE developed a new concept of protection for the pelvis. Motorcycle crashes are the
most common cause of traumatic urogenital injury, but there were no countermeasures for
their prevention. The solution explores the protective potential of technical clothing against

soft tissue injuries caused by the fuel tank in the genital area.

ALPINESTARS developed a touring boot prototype with improved protective performances.
After having selected the technical features to be enhanced, the development consisted in the
design of the impact absorption elements and the internal ankle structure. The constructed
prototype has been tested against impacts on ankle and shin, inversion/eversion and
flexion/extension. The results have been compared with the ones of the most widespread

touring and sport boots.
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At the end of these operative tasks of WP4 a full set of each prototype was handed over to

the scientific partners of WP3 who will assess the PPE according to the new standards defined

by the PIONEERS.

Legal Disclaimer

The information in this document is provided “as is”, and no guarantee or warranty is given that
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

BRIC Brain Injury Criterion

EAL Energy Absorbing Liner

EPS Expanded Polystyrene

HFW High Frequency welding

HIC Head injury Criterion

H2020 Horizon 2020

L2 Level 2

PPE Personal Protective Equipment

PPET1 First concept of Personal Protective Equipment for Torso
PPET2 Second concept of Personal Protective Equipment for Torso
RPW Roll Press Welding

SoA State of the Art

SUHFEM Strasbourg University Head Finite Element Model

TBI Traumatic Brain Injury

WP Work Package
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1 Purpose of the document

Deliverable 4.2 consists in a set of fully functional prototypes of PPE to be handed over to the
scientific partners of the PIONEERS who will assess their performance against the new improved
standards defined during the project. The purpose of this document is to outline the development
process undertaken by the industrial partners of the project for each of the five prototypes; to
explain the rationale behind the selection of the main design features; and to explain the
expected benefit that the PPE will have in road safety.

Deliverable 4.2 is the combined outcome of Tasks 4.2, 4.3, 4.4 and 4.5 whose objectives are to
develop PPE for four different body regions which exceed the current state of the art and which
therefore are able to bring about a considerable improvement in the safety of motorcyclists. The
physical prototypes that will be manufactured and tested are innovative concepts of a helmet
(Task 4.2), two airbag-based upper thorax protectors (Task 4.3), one protector for the frontal
pelvic area (Task 4.4), and a boot (Task 4.5).
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2 Introduction

One of the four main pillars of the PIONEERS project is to develop a new set of PPEs for
motorcyclist, which exceed the current state of the art. The four industrial partners of the project
have worked in parallel tasks within WP4 each aiming at developing enhanced PPE for the four
main regions of the human body. The development process and all the in-house and external
development tests are described in the following document. The four body regions for which
PPEs have been developed are head, upper torso, pelvis and lower legs. DAINESE has focused
on the head and pelvis developing a helmet and a PPE for pelvis protection. All the main steps
of the development process are described in section 3.1 and 3.3. REV’IT! and MOTOAIRBAG
both have worked about upper thorax protection making two different prototypes the
development of which is described in section 3.2.1 and 3.2.2. Alpinestars has focused on lower
leg protection with a new boot the development of which is explained in section 3.4.

At the end of these operative tasks of WP4 a full set of each prototype will be handed over to the
scientific partners of WP3 who will assess the PPE according to the new standards defined by
the PIONEERS.
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3 Content

3.1 PPE for head protection

Motorcycle helmet is the piece of personal protective equipment most effective in reducing
severe injuries and fatalities, which is the very reason why they are mandatory in all roads across
Europe and most other countries. Even though most motorcycle riders wear a helmet, still a great
portion (57-80%) of killed and serious injured motorcyclists sustain head injuries, of which 60 to
70% are brain injuries (for complete details see Deliverable 1.1). Many recent scientific studies
conclude that helmets may be more effective in the mitigation of traumatic brain injury (TBI) but
testing standard need to be updated. The revision of current standards (i.e., series 5 of
amendments to UN Regulation No. 22) was one of the topics discussed in WP3, which led to the
definition of the helmet test method described in Deliverable 3.1. A fundamental contribution of
PIONEERS work was also devoted to the definition of the series 6 of amendments to UN
Regulation No. 22 which has been recently issued by UNECE. A subset of the tests defined in
Deliverable 3.1 was used by DAINESE to develop the helmet prototype with advanced brain
protection. A second fundamental aspect addressed during development was helmet ventilation,
which is expected to increase safety for two reasons. First, during the warm season, particularly
in southern European regions, a small proportion of rider fail to wear a helmet to avoid thermal
discomfort. Well ventilated helmets may increase the rate of use among these groups. Secondly,
thermal discomfort itself leads to loss of focus and thus the rapid evacuation of heat may have a

preventive effect especially for motorcyclists involved in long journeys in hot and warm weather.

3.1.1 Target performance

3.1.1.1 Impact management for brain protection
The protocol adopted for assessing the brain protective capabilities of the helmet prototypes
developed is based on series 6 of amendments to UN Regulation No. 22 and Certimoov testing

protocol (www.certimoov.com). The first testing method will be in force across Europe from 2021,

while the second is a rating scheme for helmets by which the rating awarded to a helmet is based
the likelihood of brain injury computed with state-of-the-art Finite Element model of the human
head. This scheme is one of the first efforts toward the implementation of tissue level criteria in
the validation of helmets of any kind, which is proposed in Task 3.2. The subset of series 6 of
amendments to UN Regulation No. 22 tests is summarized in Table 1. A helmet is assessed by
taking 2 samples and performing linear tests on the first sample on four different points and

oblique tests on the second sample on four different directions. The linear tests (Figure 1) are
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conducted as prescribed by high-speed procedure of series 6 of amendments to UN Regulation
No. 22 and no further explanation is given here. The oblique tests also follow the framework set
by series 6 of amendments to UN Regulation No. 22, but two of the directions are not considered
(45° and 135°) and one additional direction is added (Rot Z). From preliminary tests the 45° and
135° tests showed lower values of injury metrics and were then considered less demanding than
other directions. Rotation around the anatomical Z-axis (central vertical axis) are not included in
series 6 of amendments to UN Regulation No. 22, yet biomechanical research show that these
kind or rotations can be very damaging for the brain and thus one impact direction eliciting Z-
axis rotation was added to the protocol. For performing these tests, the helmeted headform is
guided on a freefall facing downward with the neck slightly tilted upwards of 25° onto a 45°
oblique anvil hitting the helmet on the front left area (see Figure 2).

Helmet no. Test Case Impact points Speed (m/s)
X 8.2
1 Linear
P 8.2
R 8.2
0° 8.0
Rot Z 8.0
2 Oblique
180° 8.0
270° 8.0

Table 1. Test cases

>

“2
E 1

Figure 1. linear impacts (a point B, b point X, ¢ point P, d point R)

D 4.2 Advanced PPE systems Page 18 of 89 26/2/21
to improve rider protection



.! INNOVATION FOR RIDER SAFETY

Figure 2. Oblique impacts (a 0°, b Rot Z, ¢ 180°, d 270°)

The Certimoov testing protocol was performed without any restriction, as fully documented on
the scheme web page. All tests conditions are performed on three identical samples; therefore,
the full protocol requires 12 helmets (6 for UN-based testing and 6 for Certimoov). For UN-based
testing linear acceleration and angular velocity of the headform are recorded with sensors
embedded in the headform. As described earlier current helmets are found to be quite good at
reducing focal head injuries such as skull fracture, but less effective against brain injuries. As the
samples developed target the reduction of brain injury of UN-based tests the target was to reduce
the BRIC parameter, which is a weighted metric of angular velocity found to correlate well with
the strain in the brain during a short duration impact. For the Certimoov tests the full dynamic of
the headform recorded during the experimental tests if fed to the SUHFEM which directly
computed the likelihood of brain injury based on Von Mises Stress computed at the brain. The
minimum target for the project is a reduction of 10% of the BRIC parameter and of the likelihood

of injury.

3.1.1.2 Helmet ventilation protocol

The ventilation efficiency for the helmet is assessed with experimental tests based on wind tunnel
tests. A thermal headform was specifically developed by DAINESE for this purpose. Such a
headform is actively heated to maintain a temperature of around 37°C. The tests method consists
of positioning the headform in a wind tunnel (for the PIONEERS project the wind tunnel at the
University of Perugia was used) at the center of the test chamber so that it is fully immersed in
the free stream of air. A helmet is then fitted on the headform and the wind tunnel is run at a
prescribed speed until thermal stability is reached. The heat flux extracted by the air is then
measured. For the current project, the target is to increase thermal comfort in hot condition.
Therefore, a temperature difference of around 10°C between headform and the air is considered

together with a low wind speed of 50 km/h representative of urban conditions which are the most
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demanding in terms of thermal stress. The target is that the samples developed for the current
project show a 20% increase in the thermal flux extracted by the air flux as compared to the

reference helmet.

3.1.2 Development process

The rationale behind the selection of the segment of the helmet prototypes developed is
described in Deliverable 4.1. The reference helmet for the development is an AGV K6 (Figure
3).

The fundamental component of a helmet to which energy absorption is demanded is the interior
EPS liner or energy absorbing liner (EAL). Through the years this material has been proven to
be almost unbeatable in terms of energy absorption capabilities when helmets are tested with
current standards based on the execution of linear test and not monitoring head rotations. This
position was challenged in the present project by imposing a different testing protocol described
previously. When brain-damaging rotations are considered into the equations the shortcomings
of EPS become evident and suitable alternative are necessary. Additionally, EPS is a closed-cell
foam, thus intrinsically unsuitable for heat evacuation (it is used as an insulator in other
application). For these reasons alternatives to EPS were pursued with an approach that will be
described below. The objective was to find an engineered material either produced in modules
and the assemble to form a liner or 3D-printed, which can manage linear impact similarly to EPS
and at the same time mitigates rotational pulses to the head generated by the helmet during an
impact and is permeable to air. A multi-scale approach was adopted for the development which
will be described in the following lines.

Figure 3. AGV K6
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3.1.2.1 Development of the material at a meso scale

Two different strategies were adopted to develop an advanced EAL.: the first was to make use of
the recent advances in 3D printing technology and the other was to develop modular structures
to be later assembled in a full EAL. 3D printing is the production technology with the highest
performance potential as it allows to design geometry without the usual constraints of
conventional manufacturing technologies. A monolithic EAL can be printed in a single shot with
each part of it engineered for optimal performance. Yet, though quickly improving year after year,
production costs and speed are still not suitable for mass production. This is the reason why the
modular approach was also developed. In this case the EAL structure is optimized at a meso
level with modules that are produced with conventional manufacturing technologies suitable for
mass production. The modules, each optimized for a specific area of the helmet are then
assembled to for the full EAL.

Figure 4. Example of 3D printed structure (left) vs modular (right)

For both solutions, a combined numerical-experimental approach was used. First, a wide range
of potentially good materials and combinations of geometries were scouted. Subsequently, these
solutions were analysed numerically to shortlist the most promising. The selected structures were
then produced in coupons suitable for lab impact tests in the lab. The energy absorbing
capabilities were then compared with that of EPS too confirm the numerical prediction. The loop

was closed by tuning the numerical model of the meso structures to increase the accuracy in the
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subsequent phase of full-helmet development (see following section). This entire process is

explained in Figure 5.

LS-DYNA keword deck by LS-Prapost
Tine= 04011

e

Y

=
=
£
=
-
=
=
=

Compression test: force vs time

—Experiment| c
-—-Simulation

time(sec) x10°

Figure 5. EAL development process at a meso scale: (a) different candidate geometries and
materials are chosen; (b) all solutions are tested virtually to shortlist the most promising; (c)
samples are produced and tested experimentally and (d) numerical and experimental results are
compared to define the material constitutive model to be used in the helmet virtual model.

3.1.2.2 Helmet development (crash)

A similar combined numerical-experimental approach was also used for the development of the
full helmet. The first step was the evaluation of the state of the art in term of helmet performance.
To this end, the testing protocol based on series 6 of amendments to UN Regulation No. 22 was
performed on a set of AGV K6 helmets produced according to the specifics of the current
commercially available version. A finite element model of the helmet was then developed and
validated (see Figure 6). The process adopted to develop the finite element model is the same
as described in Deliverable 2.1 and it will not be further described here. The model comprised 4
different components: 1) outer composite shell with local reinforcements positioned according to

the shell production composite ply-book; 2) EAL made of 4 different parts of different EPS
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densities; 3) polycarbonate visor; and 4) retention system. The numerical model was able to

represent accurately the experimental tests both linear and oblique tests (see Figure 7).

AL

Figure 6. Helmet finite element model of AGV K6

D 4.2 Advanced PPE systems Page 23 of 89 26/2/21
to improve rider protection



PIONEERS

INNOVATION FOR RIDER SAFETY

K6 num vs exp, linear B, acceleration K6 num vs exp, linear B, angular velocity
—--expl x 30
exply
—expl z 20
—exp1 mag
-exp2 X > 10
exp2y 3
5 exp2z £
8 —exp2 mag E
© ---exp3 X 10
expdy 5
-100 - exp3z 20 expdz
—exp3 mag —exp3 mag
o o
\ numz o | explz
2 3 4 5 6 7 8 9 10 [—hum mag p 1 2 3 4 5 6 7 8 9 [—exp3 mag
time(sec) «10° time(sec) «10°
K6 num vs exp, oblique 0°, acceleration K6 num vs exp, oblique 0°, angular velocity
300 —exp sl -expl X
exply exply
—explz explz
—exp1 mag —exp1 mag
--exp2 X @ :iﬁ; ;
T
g exp2z
° —exp2 mag
2 --exp3 x
& exp3y

2 3 4 5 6 7 8 9 10 N 12 2 4 6 8 10 12 14 16
time(sec) «10° time(sec) ©10°

Figure 7. Comparison between experimental and numerical (FEM) tests: a) linear impact on
point B acceleration; b) linear impact on point B angular velocity; c) obliqui impact 0°
acceleration; d) oblique impact 0° angular velocity.

The validated FE model of the helmet was then used in combination with the structures described
in the previous section to predict their impact performance on a full-scale test. The best
performing combinations of design parameters (material grade, geometry of the meso structure,
and thickness of the components) were used to produce physical prototypes of the liners which
were then tested experimentally. The last tuning of the design parameters was performed based
on the experimental tests to produce the final set of liners assembled to the helmets delivered

by the present project to the scientific partners for final validation and impact evaluation.

3.1.2.3 Helmet development (thermal headform)

To assess the improvements in the thermal comfort with the method described in section 3.1.1.2a
suitable headform was developed by Dainese R&D department. This was made necessary by
the fact that the thermal headform specifically designed for helmet testing are not available, nor

reference standards have been defined. The headform work in the way outlined in Figure 8.
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Figure 8. Thermal headform working layout (left) and final assembly (right)

The headform is divided in 10 zones (shells) each thermally isolated and controlled
independently. A detailed study was performed to select the best material for the different shells,
which should guarantee that thermal stability is achieved quickly when the head is tested in the
wind tunnel. Each shell is embedded with an electrical resistance producing heat and a
thermocouple both connected to a control system with a feed-back loop which can maintain
constant temperature and to record the thermal heat necessary to do so.

3.1.3 Development tests

The tests performed to develop the helmet were mentioned in the previous sections. Here a

summary of the most relevant results is reported.

3.1.3.1 Material coupon test

Several different structures were studied at a coupon level. In total more than 20 different
geometries were studied, each of them was analysed in a sensitivity analysis of the design
parameters and materials based on FEM simulation. For each geometry, the design parameters
were the size of the elementary shell and the thickness of the different walls and/or struts
composing the coupon. Each structure had its peculiar way of absorbing energy which made a
relevant difference between the performance of the coupons as energy absorbers. In general,
as the material is compressed, the target is to absorb a set amount of energy while keeping the
peak compression force as low as possible. As the target was also to find structures which limit

angular motion, coupons were also compressed obliquely in the simulations to select those
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transmitting the least tangential force (defined as the component of the force parallel to the top
flat surface of the coupon). The best performing structures were 3D printed and tested

experimentally to check if the results were consistent with FEM predictions (see Figure 9).

%108 stress vs strain

—EPS 30 g/l exp.
—3D structure exp.
- -3D structure num.

stress[Pa]

strain

Figure 9. Compression test performed on the best 3D printed structure experimental
(top right) and virtual (top left). Characteristics stress vs strain curve for the 3D structure
(experimental and numerical) compared to standard EPS foam (bottom). Standard EPS
show a plateau with a slight positive gradient, while the 3D structure shows an early
peak and then a negative gradient which absorbs energy in way that is more efficient.
Numerical simulation was performed at a lower impact energy then the experiment
showed, which is way a different maximum strain is achieved.

3.1.3.2 Helmet impact testing
Task 4.2 is still ongoing this picture will be added later on

Figure 10. Acceleration vs time for linear tests (a). Angular velocity vs time for linear
tests (b). Acceleration vs time for oblique tests (c). Angular velocity vs time for oblique
tests (b).
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3.1.3.3 Helmet thermal testing
Task 4.2 is still ongoing this picture will be added later on

Figure 11. Setup for thermal tests in wind tunnel (left). Heat removed from head at 50
km/h, EPS helmet vs 3D printed.
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3.2 PPE for upper torso protection

The torso is very vulnerable in case of an accident. The thorax (rib cage, lungs and haemothorax)
was most frequently injured when injuries were classified as at least moderate injuries (AIS 2+).
The different studies compared and analysed in the PIONEERS project and described in
Deliverable 1.1 reveal that thorax injuries are present in 90% of all casualty cases. 56,7 % of AIS
1+ injuries are on thorax, which becomes 54,2% when only AIS 3+ injuries are considered. In
both cases the thorax is the body region that is injured most frequently and most seriously. In
the prevention of road casualties, addressing and mitigating AIS 3+ injuries is key.

To quantify the injury risk of a thorax trauma a few injury criteria were developed by researchers.
Deliverable 2.2 lists and discusses these criteria, which are important for the assessment of the
newly developed PPE. Serre et al. proved that current airbag designs can offer additional
protection to the thorax body region up to a speed threshold of 30 to 40 km/h, depending on the
crash scenario. The type of airbag (pressure and volume) and the trigger time are the most
important factors for impact attenuation capabilities of an airbag. Airbag technology can improve
passive safety of the motorcycle rider when the airbag is properly tuned, and activation time is

sufficiently fast.

A survey with 250 participants concluded that only 0,9% of the participants was wearing an
airbag while riding, hereby being the least worn PPE. Another remarkable fact was that 20% of
motorcycle riders has never purchased a specific piece of PPE for motorcycle riding because
the PPE was perceived uncomfortable. The most important criterions for the participants for PPE

design and development were comfort, aesthetics, and price.

Comfort of a PPE is mainly a personal perception, but there are some important factors that can
be quantified or scored by the end user like: weight, weight distribution, skin feel, pressure points,
ventilation, breathability etc. Based on these factors, in conjunction with aesthetics, protection
and price, airbags have advantages and disadvantages compared to rigid PPEs. Airbags are still
not widely adopted by the motorcyclists because they feel the disadvantages still outweigh the
advantages. It is the manufacture’s task to improve on current airbag designs to achieve a larger
market penetration and user acceptance of this PPE. Eventually and hopefully, this will lead to

lower casualty rates among motorcyclists on European roads.

Two different PPEs for upper torso protections were developed by REV'IT (PPET1) and
MOTOAIRBAG (PPET2). The development of the former is described from section 3.2.1t0 3.2.3

while the later from section 3.2.4 to section 3.2.6.
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3.2.1 Target performance PPETL1

Table 2 details all goals, measurements, and results REV’IT! aimed to achieve. One can see all
explored and achieved goals, as well as goals which were not possible to be explored, due to
specific project limitations such as timeline and budget. Partially achieved goals refer to targets
that still need more tests, and this development is still ongoing.

Measurement of the objective Results

Objectives / Goals Achievement

(derived from

final samples
Method REEESEIGE or final

PETE research test

results)

. Drop tower test L2 (below 2.5 .
Impact attenuation (EN1621-4) <2.5kN KN) Explored/Achieved
Recorded time to reach High-Speed
claimed operational pressure camera; Pressure <200 ms 60 - 80 ms Explored/Achieved
after canister triggering. sensor
. . Manual triggering )
Triggering system systems Lab setup Not explored
Protection from
Airbag Innocuousness any hard El;llgeszll(.’-\ll l Le;_s)ktnan Explored/Achieved
Certification components =
EN1621-4 Protective area ENieala | EN1621-3:DC
Divided Chest DC tem Iaté | Type B |
Minimum zone of protection (EN1621-3) & EN162pl-2' EN1621-2: CB Explored/Achieved
Central Back CB tem Iaté WS length 45-
(EN1621-2) P 48 cm
All answers
. . EN1621-4 clause from the et :
Ergonomic requirements 4.9 questionnaire Yes Explored/Achieved
shall be "Yes"
Airbag o
thickness Caliper W's.h' <8cm 26-7cm Explored/Achieved
A thickness
(inflated)
Comfort in relation
. to added
Protective N EN1621-4:
ayers addel o ause 4. et xplored/Achievel
layers added (Sﬂg]’teeccnt\'/‘;"m Clause 4.7 & Li,\(l*)"la'ﬂ‘("é el Explorediachieved
Airbag Comfort toinflatable | £\1651.4 clause 4.9
4.9)
Weight
(inflatable,
prlg;icrtslve Weight Scale Wish: <1 Kg 1Kg Explored/Achieved
canisters,
data logger)
Considerati Inflated airbag
onsiaerations Extra . covers the
beyond protection: _ayolit el required zone .
EN1621-4 Kidney/ Rib Airbag structure Impact test of protection Explored/Achieved
Protection S EN1621-4 +
extra areas.
Attachment
Layout able to hold
the canister
Canister . during Successful .
Attachment Clamp & screw-in inflation inflations Explored/Achieved
without
suffering
damage
Production
. method of the
Production Cost e'\:a:g:z%ﬁ_npﬁ: toAvf\Eg:g:l::?e inflatable is
Feasibility Effective p I cost effective.
Welding end user Other
components
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still to be
explored

Partially
explored due

Able to f
' ’ consistently to usage of &
Reliable HF Welding sample mold
hold at least ducti
two inflations (no production
mold
available)
. Some samples
ler;:aaichlglsr?g Able to hold 2 like V9 version
Reusability Mate?rial ’ or more allow for 2nd Explored/Achieved
RS inflations inflation. Final
properties. design VOR12
C-U (based on
Garment certification (Vest) - EN_17092' in-house
6:2020 -
testing)
Class AA
Garment certification (Jacket) - E';_lzz%%z' (based on in-
) house testing)
Wish: < 2 Kg
Overall (based on
Weight of Weight Scale benchmark!ng 1.5Kg Explored/Achieved
the garment analysis with
with PPE other vest
garments)
User's Vest allows for
feedback; airbag to
. Layoqt, . User inflate without .
Design Patterning; experience; causing Explored/Achieved
Comfort material selection Ergonomic e vEREmED
assessment to user's body.
Vest allows for
User's airbag
Back Possibility to insert feedback; including back
rotector a certified User protector to Explored/Achieved
P EN1621-2 back experience; inflate without P
pocket A !
protector Ergonomic causing
assessment inconvenience
to user's body.
Vest -
considerations Rn:lier'typed
beyond PIONEERS D1.1 | “HEWSBEH | Age: 25-50;
EN17092 Rider type sl s & M2V for a vest Slilor i Explored/Achieved
P target customer Rl ITRER 6 Urban P
Garment group knowledge motorcycle Commuter;
Target garment
Group REV'IT!
) Target
Dae:;%?ezzd Costumer Functional
Look & Feel decisions based Group protective Explored/Achieved
- strategy to under vest
on rider type
map a product
to user
Airbag
status
feedback
. . f User-product User
Functionality (when using oo —— - Not explored
electronically
triggered
system)
. . . REV'IT! in- Allow for :
Refurbishing Design for repair h ) refurbishing of Explored/Achieved
ouse repair
the garment
V\z \i/errlill)f Materials,
T ggrment engineering, and <22Kg 2.5Kg
with PPE design decisions
User's Jacket allows
Jacket Comfort feedback; for airbag to
h . Layout, . :
Considerations . L User inflate without .
Design Patterning; . . ; Explored/Achieved
beyond material selection experience; causing
EN17092 Ergonomic inconvenience
assessment to user's body.
PIONEERS D1.1 Rider type Age: 18-30;
Target . insights & REV'IT! analysis and Rider type: .
Group Sl e target customer determination Urban/ SisluiE T
group knowledge fora Sportive;
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motorcycle
jacket
REV'IT! Urban style,
Design and Target look and feel;
aesthetic Costumer appealing to .
Look & Feel decisions based Group young riders in EleE AT
on rider type mapped to their twenties
product. early thirties
Airbag
status
feedback
Functionality (when using Uiif;g:g%'“:ft fe;lst?arck Not explored
electronically
triggered
system)
L . . REVIT! in- Allow for ‘
Refurbishing Design for repair h ) refurbishing of Explored/Achieved
ouse repair
the garment

Table 2 Goals and achievements.

3.2.1.1 State of the art
In PIONEERS Deliverable 4.1, REV'IT! has set a first target to develop a thorax PPE aiming to

exceed the brand’s current SoA for the upper torso while performing according to EN1621-
2:2014 and 1621-3:2019 standards on impact protection. A second target was set towards the
possibilities to improve PPE’s comfort levels to potentially increase usage rate amongst younger
commuters and inner-city riders. For this project, the PPE system consists in developing a

wearable airbag and a garment to hold the inflatable.

When defining the SoA of torso protection in PIONEERS, two approaches could be considered.
One, the SoA of a brand’s products line in thorax protection, whereas the second considers the
SoA of all torso protective products in the market for urban riders of PTW. REV’IT''s SoA in
thorax PPEs for urban riders consists of garments such as jackets, and overshirts (Figure 12)
with pockets to insert static protectors for back, shoulders and elbows. However, these garments
often lack protector pockets to insert chest protectors. While such garments protect major areas

of the human torso, level of performance from the protectors differ from one another.
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Figure 12. ‘BISON’ overshirt (top left) and ‘JACK TRENCH GTX’ jacket (top right). Both
garments lack the possibility to insert protection for the chest. Protection pockets for the back
and limbs are included. Below the three protective materials and design systems currently used
by REV'IT!I’s. SEESOFT is the brand’s SoA in protective performance.

The research for this project focused on exploring new systems and improvements of specific
features in existing airbags on the market at the beginning of PIONEERS. A benchmark analysis
based on online reviews exposed several aspects to improve airbags such as thermal comfort,
weight, fit, price and aesthetics. Consequently, the targets were separated into two main goals.
First goal and most important, to develop an operational airbag that complies with the demands
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set by EN1621-4 standards. Target two was to improve the overall comfort levels of an inflatable
PPE. The aim was to develop a comfortable and aesthetic pleasant garment targeted to young
commuter riders. Targeting young riders was a decision that sprung from the insights gathered
in Deliverable 1.2 Riders needs which showed that riders with age between 18 and 24 are the

group more susceptible to suffer motorcycling accidents.

3.2.1.2 Improving REV’IT!’s SOA on thorax protection

REV’IT!’s PPEs for thorax protection include semi-rigid to rigid protectors (i.e., protectors made
of different types of foam densities, rubber like materials or hard plastic constructions). Although
these protectors have their benefits such as affordable prices, modularity/size match and are
always ready-to-use, they can also bring some inconvenient to the wearer, for instance

bulkiness, heaviness and movement discomfort.

Yet, one of the most important factors of all is the protection level. Concerning this aspect, static
protectors frequently perform worse than airbag systems on impact protection. EN1621
standards reflect exactly this by demanding airbags to protect better than static protectors for
both chest (EN1621-3) and back (EN1621-2).

EN1621-2 - Back EN1621-3 - Chest EN1621-4 - Inflatable

Standards Protectors Protectors Protectors
Requirements - L1 <18 kN <18 kN <4,5 kN
Requirements - L2 <9 kN <15 kN <2,5kN

Table 3. Comparison of performance level for each of the EN1621-2/3/4.

Therefore, the target performance for the thorax PPET1 developed in PIONEERS Task 4.3 aims
to exceed the current REV’IT!''s SoA by complying with EN1621-4 on impact chest protection.
The target was to reach level 2 (L2) of impact protection, meaning that the PPE should protect

with a peak force less than 2.5 kN when tested according to EN1621-4.

3.2.1.3 Impact Test protocols

The drop tower test apparatus is a device able to measure impact forces. A dropping object (the
striker) drops from a certain height to impact the PPE at a certain speed, which lays on a load

cell. The load cell measures and register the first impact of the striker which then is converted by
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the corresponding software to a graphical curve and numerical data. The output data determines

to what level of protection the PPE fits into when considering EN1621-4 demands.

The PPET1 developed in this project will also be tested in the new thorax impact test apparatus
developed in Task 3.1 by IDIADA. The new device aims to improve current test standards to
assess airbags. This test setup simulates impact crash closer to real-life scenarios. The test
setup of this new apparatus derived from virtual simulation tests and insights of previous studies
regarding motorcycling accidents that affected severely the thorax area.

3.2.2 Development process PPET1

When developing an airbag several aspects come into play which influence one another (Figure
13). To put it in a simple linear sequence of cause and effect one could see it like this:
manufacturing technique influences airbag construction system; airbag system influences the
bladder thickness; thickness influences layout shape; shape influences volume; volume
influences pressure; pressure influences impact performance; impact performance influences
canister choice; canister size influences comfort (e.g., weight), etc. This sequence goes on until
reaching the final operational airbag to be inserted in a garment, which must consider the
deployment of the airbag from deflated to inflated state without compromising the minimum
protective zone, harming the rider, or causing movement restrictions in case of a false triggering;
meaning when the airbag deploys but no accident occurs, and the deployment of the airbag
should not provoke the accident. This simple line of cause and effect was not anticipated before
the development of the PPETL, but rather learned throughout the development process which

consisted of several trial-and-error experiments.

The development process had initially an explorative phase, followed by a stage of
understanding which concept had more potential considering PIONEERS timeline. Thus, the
process unfolded into a development towards the final PPE aiming at to comply with EN1621-4

standard requirements and, if possible, excel on passive safety aspects such as comfort.
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Figure 13. Diagram used internally to help during the development of the airbag. This diagram
illustrates the complexity of developing an airbag. It shows how each consideration in the
development process of the airbag, directly influences other factor.

3.2.2.1 Exploration phase

During this phase, manufacturing methods, and different inner tethering structure systems that
could control airbag deformation and thickness upon inflation were explored and tested. The

tests performed on the samples were mainly regarding impact performance and ability to hold a
high pressure (e.g., 2 bars).

As pressure influences impact performance, the first goal was to discover how each system could
hold a certain pressure. Then, examine its impact performance at that pressure and finally, fine
tune the pressure until reaching the best impact performance value below 2.5 kN. After
evaluating the results, a decision whether to move on or not with a certain concept was made.

Furthermore, a reflection involving future manufacturing possibility or commercial feasibility was
also considered.

3.2.2.1.1 Manufacturability - HFW vs RPW

The first concepts were developed for selecting the welding technique. Some of them made use
of High Frequency Welding (HFW). HFW is a manufacturing process where two plastic parts are
welded together using an electromagnetic field. This often results in parts that are bounded

together without compromising the performance of the materials original strength. In some cases,
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tensile strength of the bond created can become stronger than the tensile strength of the original
materials.

The first trials focused on understanding the potential of HFW. Therefore, different simple
concepts and shapes of possible airbags systems were explored aiming to understand the
technology potential (Figure 14). The performance of different welded materials inflated at a high
pressure was assessed.

Figure 14. Testing airbag samples produced using HFW.

Another welding technique explored was Roll Press Welding (RPW). The biggest compromise
in relation to HFW is on the bond strength, which is not always homogeneous until properly fine-
tuned for production. This lack of consistency had often a direct relation to the weld line shape.
In contrast, the welds made by RPW are more flexible than those made with HFW, which, to

some extent, is positive for comfort.

For prototyping purposes this versatile and novel method of binding fabrics was attractive as it
did not require a welding mould and allowed to assess different designs on all the important
aspects to be addressed while developing an airbag (e.g., ability to hold the pressure, impact
performance, airbag behaviour from deflated to inflated status, ability to hold the gas canister
inflation in order to get inflation speed readings from the pressure sensor). Hence, the focus was
on this technique throughout most of the development phase.
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Figure 15. Testing airbag samples produced using RPW.

3.2.2.1.2 Research on fabrics

As HFW seemed to be the process that creates the strongest bond between two coated fabrics,
all samples for testing welding strength were made with HFW. To measure the tensile strength
of the TPU coated fabrics, rectangular shaped specimens of 15x5 cm were tested in-house
according to 1ISO 13934-1.

As the airbag is to be embedded inside a garment, it should feel pleasant to wear, therefore
particular attention was given to find a light and flexible TPU coated fabric. For thin and flexible
fabric usually lead to welding seams that are weaker than that of thicker TPU coated fabrics.
Among the several fabrics tested, only a few were able to hold a highly pressurized airbag.
Resulting in sturdy fabrics with denier threads above the 450+ deniers. In Table 4. Results of
tensile and weld strength tests. the tests result regarding tensile and weld strength of most of the

fabrics are shown.

. . Weld
Test Weight Tensile strength
Test Ref. direction [g/rgz] [N/50mm]g str([elg]gth
24.1 Horizontal 285 101
3.3 Vertical 40 70 111
23.1 Horizontal 325 121 36,95
24.3 Vertical 285 127
23.3 Vertical 325 128
9.3 Vertical 40 145 128
3.1 Horizontal 40 70 145 80,5
25.1 Horizontal 181
18.3 Vertical 40 165 191
25.3 Vertical 207
13.1 Horizontal 70 125 239
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18.1 Horizontal 40 130 239
21.3 Vertical 70 170 241
21.1 Horizontal 70 170 260

13.3 Vertical 70 125 266

11.1 Horizontal 150 158 300

9.1 Horizontal 40 130 323

2.1 Horizontal 70 170 360 54,2
2.3 Vertical 70 170 395

12.3 Vertical 70 170 417

12.1 Horizontal 70 170 463
20.1 Horizontal 212 270 470

11.3 Vertical 152 158 474

10.3 Vertical 212 240 566

4.1 Horizontal 210 275 574 308
20.3 Vertical 212 270 610

8.1 Horizontal 212 200 632

10.1 Horizontal 212 240 637

5.1 Horizontal 210 420 670 447
14.1 Horizontal 212 275 698 255
4.3 Vertical 210 275 749
22.1 Horizontal 779

14.3 Vertical 212 275 844

8.3 Vertical 212 200 858

5.3 Vertical 210 420 987

6.1 Horizontal 1080

6.3 Vertical 1080

16.1 Horizontal 840 360 1130 476
22.3 Vertical 1130

16.3 Vertical 840 360 1180

1.1 Horizontal 500 370 1240 322,5
19.1 Horizontal 1370

(perpend.)
19.3 vertical 1390
(perpend.)

15.1 Horizontal 840 450 1480 466
15.3 Vertical 840 450 1500

1.3 Vertical 500 370 1560

17.1 Horizontal 1000 510 1560 584
17.3 Vertical 1000 510 1650

7.3 Vertical 423 625 1650

7.1 Horizontal 423 625 1690

Table 4. Results of tensile and weld strength tests.

3.2.2.2 Development of the airbag structure system
After the explorative phase REV’IT! moved to a more definite stage where feasible concepts that
could be developed within the PIONEERS project timeline and budget constrictions were further

investigated. Consequently, the development process to investigate which airbag structure

D 4.2 Advanced PPE systems
to improve rider protection

Page 38 of 89 26/2/21



() PIONEERS

INNOVATION FOR RIDER SAFETY

system to be used was accomplished by using of production methods such as HFW, RPW, or a

combination of both methods.

Note: ‘Airbag structure system’ refers to the system that can keep the airbag airtight, holds the

air pressure, and allows to control the bladder heigh/ thickness when inflated.

3.2.2.2.1 ‘Zero points’ structure system

‘Zero-points’ system is highly appealing for many reasons such as low-cost production per
sample, wearable, flexible and lighter in weight, which are all comfort factors. In addition to all
that, it is a system that allows to create holes on the bladder for ventilation and breathability of
the user’s body. On the other hand, ‘zero-points’ spots create a problem regarding protection
performance. This is due to the ‘zero-point’ areas (i.e., areas with zero thickness) that this system
creates. When testing according to EN1621-4 standard, this type of system often fails and
reinforcement with other materials or shells are needed to pass the test. Nevertheless, several
square-like shapes were sampled with different welding structures (Figure 16 and Figure 17).
The goal here was to understand which design would be able to hold a pressure likely to lead to
a good performance against EN1621-4 standards.

Another goal was to understand how each design affected the square shrinkage, and
deformation. This would allow for designing an airbag where the behaviour could be programable
to the human torso when inflated. Meaning, it would be possible to control how the airbag

deforms on the body.

Figure 16. Inflation behaviour on some of the design using ‘zero-points’ system.
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Figure 17. Studying airbag deformation. Welds were made a wider to allow for the creation of
holes for ventilation and breathability.

The performance of ‘zero-points’ system was inconsistent on impact performance. In addition,
the stress on the welds seemed to be higher in some designs than others. Table 5 shows the
results of the impact tests performed on different ‘squared’ samples. As the results were
inconsistent and all the samples need extra layers to pass level 2 impact tests. REV’IT! decided

to not use this system at least within the claimed protection areas.

Table 5. Impact tests on different designs using ‘zero-points’ structure system.

Airbag Version Airbag Ref. Energy [J]
[kN]

TO1 S.Diagonal S.Diagonal.01 48.36
TO2 S.Diagonal S.Diagonal.01 48.2
TO3 S.Dash S.Dash.01 48
TO4 S.Dash S.Dash.01 47.4
TO5 S.Dash S.Dash.01 49
TO6 S.Dash S.Dash.01 48.4
TO7 S.ZigZag S.ZigZg.01 48
TO8 S.Triangles S.Triangles.01 47.5
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TO9 S.Triangles S.Triangles.01 48

T10 S.Circles S.Circles.01 49.4
T11 S.Curves S.Curves.01 50.3
T12 S.Curves S.Curves.01 50.1

An airbag with ‘zero-points’ system was designed and prototyped and referred as Concept V15
(see Figure 18.). Contrary to the squared samples, where the inflation was constant, if the airbag
was able to hold a canister inflation (i.e., sudden inflation), this structure system could still be
considered and integrated with other forms of protection (e.g., pairing together with a semi-rigid
or hard-shell back protector).

The canister inflation test on an airbag purely based on ‘zero-points’ system failed. It is important
to consider that the manufacturing process explored for this sample was the RPW method. Yet,
as the impact performance tests, did not gave the necessary guarantees, and in addition to that,
the canister inflation broke the bag, the ‘zero-point’ system did not give the necessary guarantees
to invest time and budget in a sampling mould. Instead, the focus went towards exploring a
bladder with distance holders and make a development mould for concept VOR12 as it will be

further explained in the next sections.

I

Figure 18. Concept V15 deflated (left) and Inflated (right). Holes were made in the bladder to
investigate the possibilities to make an airbag that allows for ventilation to the body.
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3.2.2.2.2 Combining structure systems - Baffles with ‘zero-points’

The insertion of distance holders (baffles) and the strategical positioning of ‘zero-points’ structure
system allowed for height and overall deformation control of the airbag. These systems were

attractive for the following reasons:

- It allowed to control the thickness.

- It facilitates managing the pressure of the airbag.

- It contributes to more freedom of design, both for airbag and the garment.

- It makes it versatile to play with baffle heights and canister sizes which allows to fine tune

impact performance.

For the initial concept, a combination of baffles system and zero-points system was used. The
baffles were delegated to areas classified as minimum zones of protection and to be tested
according to the EN1621-4. The result of the first concept, named V9, was exceptionally positive
and consistent on protection performance levels, at least on the chest area. It was able to hold
the desired pressure, to pass level 2 requirements (EN1621-4), to withstand a canister inflation
and reach the operational pressure under 100m/s. Samples were prototyped in four different
coated fabrics (Figure 19. Concept V9 sampled in different materials for pressure, impact, and canister
inflation tests.), chosen based on the fabric’s tensile testes. Following iterations used only the
“grey material” as it seemed to show the best performance on both manufacturing and

performance aspects.

Figure 19. Concept V9 sampled in different materials for pressure, impact, and canister inflation
tests.
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Figure 20. Left side of the image shows front part of the airbag inflated and using distance holder
system to control the airbag thickness. On the centre the Airbag thickness. On the right side of
the image one can see a ‘zero-point’ construction. Zero-points are usually spots not filled by air,
hence becoming an area that is not completely protective or with an unpredictable performance

regarding protection.

Further versions were developed with slight differences, yet, considering V9 layout as baseline.
These versions aimed to explore welds on different spots, and increasing protective areas
covered by the bladder to the body. For instance, adding more baffles or positioning the ‘zero-
points’ in strategic locations to increase protection area without changing the overall layout or
volume. These changes resulted in 3 more iterations that were named concepts VIR3, VIR5,

VIRG6 (Figure 21. Concept VIR3 (left), Concept VOR5 (centre), Concept VIRG (right).).

Figure 21. Concept VIR3 (left), Concept VIRS5 (centre), Concept VIR6 (right).
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After testing all concepts developed using a combination of structure systems in the airbag, a
thorough analysis was made in order to compare which of the four models (V9, VIR3, VIR5,
VIR6) showed best values on impact performance, inflation speed and least damages suffered
from impact tests (Figure 22). Regarding the assessment tests results, these are described in
section 3.2.3 of this report. These analysis, helped to identify common problems with all models
and fine tune again towards a better performing PPE in order to reach some of the demands on
EN1621-4 regarding impact protection, inflation speed or minimum zone of protection.

Analysis Concept V9

Impact Tests

Figure 22. Example of the template used to analyse and compare concepts V9, VOR3, VIR5,
VIR6. The analysis included impact protection, inflation speed, damage spots caused by
inflation in each concept, pressure inside the bag over time.

3.2.2.2.3 Baffles structure system

Besides all the positive points mention in the previous section, the benefits of having an airbag
where the structure system is entirely made of baffles is that it avoids creating zero thickness
areas from ‘zero-points’ structure system, thus avoiding weak spots when an object impacts the
bladder.
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Concept VOR12 (FF': §

Figure 23) was developed using baffles as structure system. This version was fine-tuned based
on the knowledge gathered through the development process which consisted of the several
testes performed on the square designs, V15, V9, VIR3, VIR5, and VIRG6. In contrast to most
of the of the samples used during the development process, a sample mould was built for VOR12

concept to make use of HFW to bond the fabric layers a seal the bladder.

Figure 23. Concept VOR12 inflated.
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3.2.2.3 Defining airbag layout

From approximately 20 layouts explored, concept V9 layout was the first to indicate good results
closer to all the certification demands. Therefore, the strategy for the development of the layout
relied on fixing the outline to be consistent with V9 shape and the tweaking it to meet the desired

protective performance and wearable comfort.

Even though V9 layout and its structure were able to perform as L2 protection on the chest,
follow up iterations (concept VOR3, VIRS5, and VIR6) reached better results. All three concepts,
when inflated, met L2 protection on both the chest and central back. As for V9, all three concepts
extend to the sides of the torso to provide some protection in this area. All this was achieved
without modifying the initial V9 outline.

However, as more pressure was needed for the previously selected canisters size, a new layout,
concept VOR12 was developed. V9 outline was used again as a starting point towards a new
outline that merely focused on the minimum areas of protection for both divided chest and central
back.

3.2.2.4 Canister attachment method and casing system

Various types of connections systems to attach the canisters to the inflatable were studied. Some
included clamping the cartridges, screwing to a hard part welded on the bag, or inserting it into
a foam back protector (Figure 24).

=

Vil

Figure 24. Exploration of canister attachments and positions. Left image screw attachment on
hard part inserted in foam back protector. Centre image canister attached by clamp to the airbag
inserted in a hard-shell casing. Right image, canister screwed to hard part welded to the airbag.
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F

Figure 25. Two versions of Concept VOR12. One the left, VOR12 version with screw-in canister
attachment, while on the right, VOR12 version with clamping system. Both systems work well,
however, preliminary tests showed that screw-in attachment method seem to improve the
chances to reuse the airbag more than once.

Concepts V9, VIR3, VIR5, VOR6 where initially designed for clamping, but screw-in systems
were also investigated. For VOR12 airbag model, both clamping and screwing to a hard part,
were possible (Figure 25) and both versions were sampled in order to see which one has more

advantages in terms of production feasibility, protection to the body, and comfort.

3.2.2.5 Development mould

As RPW technique could not live up to the demands, a development mould for HFW was
produced. With the development mould, welds were stronger than for RPW. Even though it is
not a mould suitable for mass production, the performance of the airbags is the same it would

be if made with a production mould at a fraction of the cost.

3.2.2.6 Canister Triggering systems

Currently, there are two types of triggering mechanisms to deploy wearable airbags in case of a
motorcycle accident: mechanical triggering, which consists of a cable linking the motorcycle and
the airbag; and electronic triggering, which requires a computer running a specific algorithm that
can detect accidents. Electronic triggering was pursued for this project as it has the advantage
providing freedom of movement and it is faster in the response.
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3.2.2.7 Measuring Inflation speed

Currently, there is no official procedure to evaluate electronically triggered canisters/airbags, as
this protocol (EN1621-5) is in development. Together with other PPE manufacturers, REV'IT! is
building a new protocol to be added to the EN1621 series by 2023. Nevertheless, the protocol
described in EN1621-4 was used. This required the use of a high-speed camera with a frame
rate of at least 200 fps. The camera used for this project recorded at 1000 fps. Inflation time is
counted starting when a first change in shape is detected and stops once changes on the airbag
are no longer noticeable. This test does not provide any information regarding pressure values
inside the airbag over time. Hence, a pressure sensor was coupled to the airbag through a
connection developed by MOTOAIRBAG. A hole is made on the airbag in the location furthest
away from the gas canister and a pressure sensor is connected to the inside of the airbag (Figure

26). This method assures an ideal measurement of the pressure data overtime.

'

R

70V ),

Figure 26. Sensor attached in the location furthest away from the canister.

3.2.2.8 Virtual Simulation PPET1

Université Gustave Eiffel (UGE) (REV’IT!’s scientific partner), has built a Finite Element Model
(FEM) of the airbag V9. During this process, REV’IT! assisted UGE with information regarding

the concept. Such information included materials properties on tensile, tear and seams strength;
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impact performance values resulted from physical in-house tests; volume of the bladder; and the

operational pressure of the airbag.

UGE used this data to calibrate the virtual model. Firstly, the computer-generated model was
tested on different impact spots replicating the physical tests which REV’IT! had performed in its
in-house drop tower machine. Extra tests to measure airbag deflection were required by UGE
and performed by REV’IT!. These tests involved tweaking and adapting the drop tower with extra

sensors such as accelerometers to obtain readings of the airbag deflection.

Impactor

Figure 27. Simulation of V9 virtual model on impact performance according to EN1621-4
standard (left). Detail of section plane of the V9 virtual model exposing different baffles height

(right).
Secondly, UGE performed tests where different baffles heights (Figure 27), from the original V9
version, were considered. These simulation tests provided insights on which baffle height would
allow the concept V9 to be better and more consistent on impact performance at the declared
optimal pressure. Therefore, samples with the most promising results derived from the simulation

studies where sampled (see 3.2.3).

Finally, the V9 digital model will be used in the future to simulate impact tests of the newly
developed impact test machine in Task 3.1. The advantages of simulation are obvious: it can
predict the PPE performance without making physical samples and it can assist on crucial
decision making. In addition, less samples means lower waste of materials and reduction of

development costs.

3.2.2.9 Garment PPET1

Two garments to insert the different airbag models were developed: a vest to be worn under a
protective garment and a jacket. The vest is prepared to seamlessly integrate an electronically

triggered airbag (Figure 28). It uses elastic materials on the sides to allow the vest to expand
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outwards upon airbag inflation, avoiding any restriction movement for the user and possible
suffocation from the airbag compressing the torso. On the inner back side of the vest, a spacer
fabric is used for thermal comfort reasons. It keeps space between the body and the bladder
which allows for some breathability to the body. The rest of the inner liner of the vest is composed
of breathable mesh. The outside fabric is flexible ripstop textile which has an attractive touch
feel. Inside the vest comes with pockets that could eventually allow to place a fullback foam

protector. This same pocket is currently used to hold the canister’s casing.

Figure 28. Vest garment.

A jacket aiming for a Class AA level, according to EN17092-3 was developed. This garment PPE
has obtained its level Class AA based on REV’IT! in-house test such as fabrics tear and seam
strength and impact abrasion resistance. The garment features protector pockets that
incorporate limb protectors (i.e., shoulder and elbow protectors, EN1621-1 L1). Special attention
was given to the aesthetics and look and feel as the target group for this garment was the young
commuter and inner-city rider. An inner lining pocket system is prepared to insert the airbag and

keep it in place in both deflated and inflated state.

Task 4.3 is still ongoing this picture will be added later on

Figure 29. Jacket garment.
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3.2.3 In-house testing PPET1

Task 4.3 is still ongoing this section will be completed after the task ends
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3.2.4 Target performance PPET2

3.2.4.1 State of the art

Current airbag systems are divided in three categories, depending on the triggering device.

Electronic: wireless (no connection between biker and motorbike). There are sensors for

recording signals such as acceleration, angle of impact, speed of the crash. These signals are

fed into software which manages triggering and eventually fire the canister.

Mechanical: the crash condition is detected by a physical link (cable) between the rider and the

motorcycle. The cable measures the distance between the rider and the motorcycle and when it

exceeds a threshold it triggers the airbag.

Hybrid: the airbag is triggered by a mechanical and electronical trigger at the same time. Users

can choose which trigger they prefer to use.

3.2.4.2 Certification

It is very important to distinguish between airbag products that are simply CE marked with no

specific protective requirement, and airbag product that meet EN1621-4. In general CE certified

airbags may fail requirement of EN1621-4 Standard.

For electronic airbag, a specific Standard is under construction. It is based on EN1621-4 plus

some requirements for the electronical part. Currently, some electronic airbags are certified with

EN1621-4 plus and additional individual certification in order to give the customer scientific

evidence for the functioning of the electronic triggering device.

Clause Requirements Test Values
Colour fastness to 6.2.1 At least grade 4 of the Grey
water o scale
Protection from any

6.2.2 | <35kN

4.2 Innocuousness hard components
Temperature Average value =48°C. No
exposure evaluation | 6.7 single value shall exceed 55
(where applicable) °C

4.3 Minimum zone of protection - -

4.4 Intervention time 6.4 <200 ms
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4.5 Duration time 6.5 =5 sec
4.6 Retention of protective bag - -
Level 1: Overall Mean value
4.5 kN single strike < 6 kN
4.7 Impact attenuation 6.6
Level 2: Overall Mean value
2.5 kN single strike < 3 kN
4.8 Sizing and size marking - -
4.9 Ergonomic Requirements 6.7 All answers shall be “yes”
Activation force of mechanical 6.8.1 230N
triggering system o <250 N
Trigger Activation ener of
9 _ _ _ i 6.8.2 |<51J
4.10 system mechanical triggering system
function Breaking strength of the 2 four times the activation
physical connection between | 6.8.3 | force.
bike and protector in any case > 400 N

Table 6. EN1621-4 requirements: innocuousness, ergonomic, protection and intervention time.

Prices range for mechanical airbag is 600 € to 800 €, for electronic ones is 600 € to 2000 €, and
for hybrid ones is 900 € to 2000 €. The wide range depends on some factors such as the external
garment, the airbag shape, and whether the airbag meets EN1621-4 or not. Weight (very

important for comfort) ranges between 2.5 and 4 kg and it depends to the airbag model/garment.

3.2.4.3 Target performance

MOTOAIRBAG concentrated their studies to overcome the most important limitations for a

widespread adoption of airbag systems for motorcyclists: price, comfort and ease of use.
Price: the goal was a price reduction of 15-20% to the end consumer.

Weight: reduction of 10%.

Ease of use: reduce the possibility of misuse and daily maintenance from the end user.
Protection: keep protection level in compliance with the actual European standard EN1621-4.
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3.2.5 Development process PPET2jError! Marcador no definido.

To meet the targets, MOTOAIRBAG redefined the minimum protection zone, the level of
protection, the airbag technology, the triggering system, the positioning of the gas generator, the
external garment which holds the airbag system.

3.2.5.1 Minimum protection zone

Generally, the weight of an airbag garment is linked to the extension of the protection zone. The
focus was on thorax protection, as thorax injuries are responsible for most severe and fatal
outcomes. As a starting point, the minimum thorax zone prescribed by EN1621-4 was totally
fulfilled. To offer additional protection on the back, MOTOAIRBAG developed a specific bag for
the back plus a special rigid protector for the spine. The aim was to use one single gas generator

and thus contain weight. The prototype weight is around 2 kg.

’,
|

Figure 30. Airbag 2 D design (top). Airbag 3D design not inflated (bottom left). Airbag 3D design
inflated (bottom right).
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3.2.5.2 Level of protection
The level of protection is linked to volume, pressure, shape and material of the airbag. A
completely new mix of these factors was produced in some “pre-prototypes” series. Then tested

with internal equipment.

Figure 31. Real life prototype, inflated.

3.2.5.3 Airbag technology

To keep the maximum comfort (freedom of movement) in the thorax area, the gas generator is
placed in the back area. The aim was to use a pure airbag technology without any overlapping
rigid protector for the frontal safety. For protection of the back, MOTOAIRBAG uses a
combination of airbag plus a specific rigid protector. The gas generator sits in an ad hoc back

protector which gives additional protection by keeping the gas generator in a safe way.

1

Figure 32. Rigid protector with (left) and without (right) gas generator.
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3.2.5.4 Triggering system

A mechanical triggering system was chosen in order to meet the targets on price and ease of
use. With no electronic possible misuse is avoided and there is no battery to be recharged
periodically (if end consumer forgets of cannot recharge the battery the airbag goes down and
rider is unprotected). As said, the target cost for the system led to the use of mechanical
triggering system, but the prototype is nevertheless ready for electronic or hybrid triggering
device in future applications, (some work on this has been done on Task 5.3). The mechanical
gas generator and triggering device does not need any maintenance, are not prone to misuse,

are easy to use and highly reliable.
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Figure 33. Different triggering technologies: mechanical (left), electronical (centre), hybrid (right).

3.2.5.5 Mechanical triggering: Fast Lock technology

Fast Lock is like an automotive safety winder that physically connect rider to motorbike. In case
of accident, as soon as there is not a movement that is not “conventional” or particularly fast due
to inertial forces, the winder blocks the cable and activates the airbag. It is the same functioning
principle as for safety belt inside cars. Fast Lock systems have an internal analogic
accelerometer set to recognise accident scenarios, avoiding unexpected activations (for example

due to riding over a pothole or similar other cases).
The sensibility of the Fast Lock allows for:
o Detection of all accident scenarios.
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¢ Reaction independent from impact speed.

¢ Detection of the accident with a relative motion of 3 cm.

Fast Lock is effective, easy to use, low cos and allows the rider a total freedom of movement
thanks to the embedded device that avoid unexpected activations (see Figure 34)

Figure 34. Fast Lock triggering device with embedded analogical accelerometer with Eulerian
instability system.

Example of Accident detection for the Fast Lock can be seen in Figure 35.

Figure 35. Accident detection relative motion between rider and motorbike.
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Figure 36. Accident detection spectrum

3.2.5.6 Garment

In order to meet the targets of this project the airbag system was fitted in a vest to be worn over
the rider clothes or underneath a specifically designed jacket (this is left for future development).
Deflated airbags must follow the natural shape of the torso to avoid discomfort caused by the
folding line. The movement of the human torso must not be constrained in any way and no rigid
element must be present on the frontal part.

Figure 37. Working prototypes S11Y (left) and complete prototype S11YM (right)
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3.2.6 In-House Testing PPET2

3.2.6.1 Impact

MOTOAIRBAG has an internal facility for performing impact tests, measuring airbag pressure
and shooting high-speed videos. The drop tower for impact test complies with the requirements
of EN1621 series. Several impact tests were performed on the physical prototypes to determine
the right working pressure range of airbag related to the fabric used and the geometry if the PPE.
Preliminary test results showed compliance with more than level 2 of EN1621-4 with transmitted
force below 1.5kN.
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Figure 38. EN1621-4 impact test procedure for thorax (left) and back (centre). Force attenuation
result (right).

3.2.6.2 Airbag inflation
Airbag internal pressure was measured by using the sensors and procedure described in “rev
EN1621-4". The airbag pressure graph is needed to study and check the impact performance of

the airbag in relation to time.

The intervention time (detection plus inflation) was much less than the limit of 200ms required
by EN1621-4. Other critical points about inflation have been studied using a high speed camera

for optimising the inflation process.

D 4.2 Advanced PPE systems Page 59 of 89 26/2/21
to improve rider protection



.l INNOVATION FOR RIDER SAFETY

Figure 39. Equipment for measuring internal pressure during airbag deployment.

3.2.6.3 Ergonomic

Ergonomics tests were conducted by inflating the airbag slowly with compressed air while the
PPE was worn by a tester. This was done to make sure that no particular discomfort is felt in
both inflated and deflated configurations. Natural breathing, natural movements, ability to turn
the head and keep on driving were all successfully assessed.

3.2.6.4 Riding test

Professional and non-professional tester used some prototypes to evaluate the comfort while

riding in urban and extra-urban environments.

Task 4.3 is still ongoing this section will be completed when the task ends.
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3.3 PPE for pelvis protection

Motorcycle crashes are the most common cause of traumatic urogenital injury and fracture of
the pelvis (see the work of WP1). Despite clear evidence that motorcycle crashes are the primary
cause of these injuries, there is currently no countermeasures for their prevention or for reducing
the injury severity. The primary mechanism for crash-related pelvic injuries to motorcyclists is
direct contact with the motorcycle fuel tank. This typically occurs when the motorcycle is involved
in a frontal impact with another vehicle where the motorcycle abruptly stops, and the rider
continues forward at the initial travelling speed. The impact between the pelvis of the rider and
the motorcycle fuel tank is often clearly evidenced by post-crash damage and markings to the
fuel tank. Injury to the pelvic region is most commonly of moderate or greater severity (AlS 2+)
and relates to impact speed with more severe injuries generally occurring in higher speed
crashes (for more details on biomechanical aspects see the work of WP1 and Deliverable 1.1).

To date, the potential for protective clothing to play a role in mitigating these injuries has
remained unexplored. Protective clothing for motorcyclists is based on two main mechanisms for
protecting the rider. The first is eliminating direct contact between the rider and the impact
surface such as the roadway through materials and manufacturing that is resistant to abrasion,
cut, tear and burst. The second is absorption and distribution of impact forces by incorporating
impact protectors. If impact protectors can absorb or distribute enough energy of the impact
event, the body segment being protected is uninjured or damaged to a lower level than would
otherwise have occurred. Motorcycling trousers typically incorporate impact protectors for the
hips and the knees, yet there is currently no such protection for the groin or pelvis. Meanwhile in
sports such as matrtial arts, cricket, baseball, softball and hockey, groin and pelvis protectors are

often used to protect players from direct impact injuries.

3.3.1 Target performance

The work of WP1 on accident analysis showed that the impact energies generating pelvis
fractures are above the capabilities of “static” protectors. Furthermore, airbag solutions cannot
be adopted in this area for reasons explained in Deliverable 4.1 For these motivations, the focus
in PIONEERS was on the development of a concept for the protection from soft tissue injuries in
the genital area of the pelvis. Both safety and comfort were given equal weight throughout the
development process as, to gather acceptance, such a solution should not restrict motion and
feel cumbersome. Pelvis mobility is paramount while riding a motorcycle and no compromise can

be made on this regard when developing such a protection. The features related to comfort that
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were addressed are breathability, compatibility with different riding styles, ease of fit and

lightweightness.

For the safety of the protector passive and active aspects of safety were targeted. On the active
side, the target was to develop a protector which does not limit in any way the range of motion
of the rider. Whereas, on passive safety, the situation was harder to define. Most of all there was
a need to understand the interaction between the fuel tank and the pelvis and there was no
accepted physical test method for studying this. For this reason, the partner Neura developed a
test rig for replicating pelvis-fuel tank impacts in frontal motorcycle crashes.

The test apparatus was designed and constructed to simulate pelvis-fuel tank impacts using a
mini-sled mounted on a deceleration crash sled (see Figure 40). A steel frame was attached to
the mini-sled (the surrogate frame), to which a pelvis surrogate was attached by a steel bar. The
surrogate frame was designed to allow the pelvis surrogate to rotate in the sagittal plane and
translate upward from the sled table upon impact with the fuel tank. Another steel frame (the tank
frame) was fixed to the main deceleration sled table, onto which a wooden fuel tank surrogate
was attached. A wooden fuel tank was used for this study to provide a repeatable relatively rigid

impact surface whereby the tank surrogate would not be damaged in successive impacts.
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Figure 40. 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 surrogate.

The main deceleration sled table was accelerated to an impact speed of 20 km/h and decelerated
to a stop. The mini-sled and surrogate frame continued at the impact speed resulting in a 20km/h
impact between the pelvis surrogate and the stationary fuel tank surrogate. The mini-sled then

impacted energy absorbing foam on the tank frame, stopping the mini-sled.
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The pelvis surrogate consistent of the THOR dummy lumbar spine, pelvis and upper leg
components with the soft tissue removed. New soft tissue components, separating the pelvis
and upper legs were molded from silicon rubber previously used to replicate the impact response

of human thigh tissue.

Two triaxial accelerometer arrays were mounted to the rear of the lumbar spine pelvis surrogate.
Data from the accelerometers were used to calculate the peak resultant acceleration of the pelvis
surrogate at the lumbar spine and the peak rotational velocity. The pelvis response was analyzed
from the initial impact with the fuel tank to the time point when the mini-sled contacted the tank

frame.

In the literature there is a lack of injury thresholds for soft tissue injury in the frontal pelvic area,
so it was impaossible to set suitable target on this regard. For this reason, to assess the benefits
of the pelvis protector the reference was set to be the peak accelerations of the surrogate pelvis
without protection. Any sensible reduction in peak acceleration was deemed to be beneficial and
the development process pursued maximum acceleration reduction. In parallel to this testing

method a second target for the pelvis protector was to be compliant with EN 1621-2 standards.

3.3.2 Development process

The technical solution adopted was a padded underwear (short) with artificial tendons and a
breathable base tissue. The tendons provide support to the frontal padding and guarantee a tight
fit without limiting the range of motion. The shorts can be easily fit under any kind of motorcycling
or general-purpose trousers. The two parts of the protector (shorts and energy absorbing

padding material) were designed in parallel to achieve best comfort and maximum protection.

3.3.2.1 Design and development of padding material

Many different solutions are available for protecting locally other body regions (elbow, knees,
spinal cord and chest). Generally, these are a combination of hard and soft material, with the
hard materials designed to protect from penetration of sharp or pointed objects and the soft
material designed to limit transmitted forces and accelerations. The best combination of hard
and soft materials highly depends on the features of the impacted object, with soft materials

better in blunt impacts and the hard ones better against sharp objects.

As previously explained, the main impacted object in the area addressed by this protection is the
fuel tank of the motorcycle. The best combination of materials could not be defined a priori and
therefore an empirical approach was adopted. Seven promising solutions with different

combinations of hard and soft materials were developed (see Table 7. Pelvis protector padding
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solution developed.). The promising designs were selected based on solutions that proved to work
well for other body regions. Several different materials are available for this purpose and the
short list of the seven most promising was made with the help of FEM simulations (see Figure
41).

Tag Material Anterior side Posterior side

PP1 Plain Poron®

PP3 Hexagonal Poron®

Hexagonal Poron® +

PP2 :
Polymeric honeycomb
PP4 Thermoformed polymeric
honeycomb
PP5 Rheonlab@ dilatant
viscoelastic foam
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PP6 Expanded nitrile rubber

PP7 Rigid thermoplastic polymer

Table 7. Pelvis protector padding solution developed.

Figure 41. LS-DYNA FE model of EN1621-2 setup wit drop bar impactor (cyan), padding
material (green) and anvil (red).

A first version of the shorts was developed with a front pocket for easily replacing the padding
material. This first prototype was then sent to the scientific partner Neura for testing on the setup
described in 3.3.1 (test results are shown in 3.3.3). The same seven solution were also tested
in-house according to EN1621:2, to correlate the results of the two different testing setups. The

“Neura” setup reproducing the “blunt” impact on the fuel tank favored soft materials and the
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winning solution was PP1. On the contrary the EN1621-2 setup favored the padding made with
harder materials. To find the best compromise more importance was given to the “Neura” testing
setup as injuries on the frontal pelvic area are predominantly caused by an interaction with the
fuel tank. The final padding solution was therefore the same as PP1 with increased thickness to
better comply with EN1621-2.

3.3.2.2 Development of the “short”

Shima Seiki electronic looms were used to manufacture the shorts. These machines (see Figure
42. Shima Seiki machine (a), honeycomb like weave (b), detail of the artificial tendons (c).) are highly
versatile and were selected as the allow the construction of honeycomb-like weaving patterns
which create a breathing distance from the skin and provides perspiration and insulation at the
same time. The shorts were developed with a specific network of artificial tendons by using
threads of different elasticity which keep the short tightly in position once are worn with no

reduction of comfort.

Figure 42. Shima Seiki machine (a), honeycomb like weave (b), detail of the artificial tendons (c).

3.3.3 Development tests

Figure 43 and Figure 44 show respectively the peak pelvis rotational acceleration and the peak
rotational velocity recorded with the “Neura” setup on the seven different padding solution. PP1
is the solutions which provides the highest reduction in peak acceleration, without increasing
rotational velocity. Figure 45 shows the transmitted force for EN1621:2 tests, in this case PP1 is
the worst performer. The final solution with increased thickness (PP1bis) is able to meet the
standard by showing a peak which is below the limit of 18,000 kN.
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Figure 43. Peak pelvis acceleration of the 7 paddings developed.
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Figure 44. Peak pelvis rotational velocity of the 7 paddings developed.
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Figure 45. Force vs time for EN1621-2 tests.
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3.4 PPE for lower leg protection

The PPE for lower leg protection has the goal to protect this body region from the injuries which
can occur during riding, in case of crash. Most common injuries in the lower limbs are abrasions,
lacerations and fractures. Motorcycle boots and shoes are the fourth protective garment mostly
used by riders after helmets, gloves and jackets with protectors. According to a well-known
research (see the work of WP1), wearing specific boots is likely to result in 50% fewer foot
injuries.

The protection of the lower leg will be improved in a new touring boot prototype, with enhanced
protective performances typical for sport and technical boots, normally not accessible to the large
public. The choice was made based on accident scenarios review and om focus groups
outcomes to provide a higher protection against impacts without affecting comfort and to reach
the widest range of final users.

3.4.1 Target performance

The technical features requested to a lower leg protection encompass several aspects (Table 8).
Even more than for other PPEs comfort and ergonomics are important: motorcycle riders interact
with the vehicle through the boots and thus the need of protection must be merged with the
sensibility that has to be guaranteed.

Lower Leg Protections: Technical Requirements

Abrasion resistance Fit and easy closure/use

Comfort (riding) Impact protection

Comfort (walking) Leg/foot protection from compression
Compliancy with PPE standards Lightweightness

Conspicuity Protection against foot hyper rotation

Easy and safe bike control (grip, clutch

use, etc.) Thermal comfort

Energy dissipation in case of crash Durability

Table 8. Technical requirements for boots

3.4.1.1 Analysis of the technical State of the Art

Boots integrate in one single piece different contrasting requirements (e.g., sensibility and

protection). Each technical feature is linked to several parts of the boot, which all determine the
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perceived quality of the PPE by the rider. Within this situation, improvements targeted the most

important factors identified in the analysis of the inputs: comfort, conspicuity and safety.

The technical features selected to be improved (beyond the State of the art), in the PIONEERS

project are:

e Leg/foot protection from compression and impact

e Comfort (thermal, walking, riding), fit and easy closure/use
e Compliancy with PPE standards

e Conspicuity

e Energy dissipation

o Low weight

Starting from specifications defined in Task 4.1, and taking the contributions coming from WP2
on injury mechanisms and from the ongoing activities of WP3 on test and simulations, the design
of an innovative boot started to provide more protection without penalizing comfort for riders. The
design activities pursued the improvement of the impact protection (the target is to achieve IPA
and IPS impact forces of less than 5 kN, according to EN13634 standard) and possibly a better

protection against hyper rotations, maintaining or even improving comfort.

3.4.1.2 Reference boot and technical improvements

Alpinestars Web GTX Boot (Figure 46. Alpinestars Web GTX boot) has been taken as reference
for improvement. This model represents the state of art in the touring segment of the market and
is one of the best-selling products of the brand. The objective of the current development activity,
therefore, was to bring about a higher protection level providing performances which are normally

available only to professional riders in racing to a wider range of customers.

D 4.2 Advanced PPE systems Page 70 of 89 26/2/21
to improve rider protection



PIONEERS

INNOVATION FOR RIDER SAFETY

;
| 4

Figure 46. Alpinestars Web GTX boot

In terms of protection, while the current standard requirements are related just to abrasion, cut
resistance and transversal stiffness, the new design will enhance the protection thanks to a larger
protecting area and the protection against impact on ankle (IPA) and shin (IPS), according to
IPA/IPS optional standards requirements of EN 13634.

The protection from hyper-rotations and hyper-flexions, which are also targeted in the new
design, are not currently considered in the EN13634 standard. At the current stage, it was not
possible to define precise targets on these since test methods are not available. Together with
the scientific partners a test method was defined, to evaluate improvements in protection

compared to the SoA both in the touring and in sport market.

Improvement in comfort will be mainly focused on the reduction of weight and increase in
breathability, to make the boot usage easy and more affordable even for those riders that are

sceptical about wearing riding boots.
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fEcice \TVZW 0 Measured
State of the Art features Purpose Improvement(s)
. measure | parameter(s)
involved it?
Double density ankle Leg/foot Improve Impact lab | EN 13634:2010 IPA/IPS
disk protection is protection protection level | tests standard has compliancy
mounted under the from through parameters related
leather in both lateral compression, | reinforced to: and/or
and medial sides. comfort structure Abrasion resistance
(riding, Transversal rigidity | Hyper-flexion
Internal shock resistant | walking), IPA/IPS (not protection
shin reinforcement Impact mandatory) - impact | improvement (test
mounted under the protection protection on ankle | to be evaluated)
leather. and shin (< 5 kN)
and/or
Robust internal toe box There are no
and heel counter standards for hyper | Hyper-rotation
extension and hyper | protection (test to
rotation be evaluated).
EN 13634:2010 Compliancy | Improve Improved | EN 13634:2010 IPA/IPS
compliance with PPE protection protection | standards compliancy
standards based even on |area and/or larger
data collected | compared protection area
in racing to
standard
"template"
Weight Sport boot Low weight Weight Weight Weight (balance) 10% weight
reduction/same reduction
performances

Table 9. Improvements and targets for boots.

3.4.2 Development process

3.4.2.1 Analysis of current solutions and standard requirements

The first step of the development was the analysis of the solutions used in touring, sport and

racing boots to enhance the protection. Boots with thick impact absorption inserts are not widely

used because normally this solution makes them heavy and thermally uncomfortable.
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In the standard for boots homologation (EN 13634) the tests for the approval of the impact energy
protection of ankle (IPA) and shin (IPS) are optional. The minimum zones of protection are

marked on the footwear using the templates as shown in the following picture.

Figure 47. IPA and IPS minimum zones of protection.

Tests for protection from hyper-rotations and hyper-flexions are not included in the previously
mentioned standard. Therefore, the development proceeded with the selection of the
constructive solutions and the evaluation of their technical feasibility. The best solution to

guarantee IPA and IPS was analyzed, based on the company know-how.

The best material used for the upper was analysed, as well as the padding type and technology,
and the anti-torsion slider/protectors. Regarding the protection from hyper-rotations and hyper-

flexions, emphasis was given on the development of a plastic internal biomechanical solution.

3.4.2.2 Design of the impact absorption solution

The design of the impact absorption solution for ankle and shin started from the dimensions of
impact zones and material areas provided by the standard. They depend on the boot size (for
example, the ankle region of Paris points of sizes from 39 to 42 consists of a circle with a diameter

of 50 mm). The following figure shows the areas interested by the final solution.
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Figure 48. IPA and IPS protection areas.

To achieve the desired lightness and comfort, materials, dimensions and thickness of the inserts
and external leather were revised and improved from SoA. A new 3D file of the boot was created

from specifics customized for this project.

3.4.2.3 Manufacturing of the first prototypes

As first prototypes, two boots have been manufactured by assembling existing components; their
ankle structure is shown in Figure 49. Boot prototype with existing components.. This work was
useful to understand the effectiveness of the protection — in particular that of the support given

by the ankle brace — and to focus on all the possible improvements.

Figure 49. Boot prototype with existing components.
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3.4.2.4 Design of the internal bio-mechanical ankle structure

The internal bio-mechanical ankle structure had the function to enhance protection allowing full
and free movements of the ankle. This target has been achieved adopting a two-hinges system
both in medial and lateral malleoli regions, with different geometry and thickness with respect to
the SoA. This rigid structure will be positioned in the boot between the internal layers and the
impact absorbing inserts.

Figure 50. Scheme of the internal bio-mechanical ankle structure.

A new composite material with glass fiber has been choosen in order to achive high resistance
and rigidity. The plantar area is supported by a further structure, that will give to the boot suitable
strength and torsional stiffness. The 3D CAD of the structure has been generated considering
the technological constraints of mould construction. A dedicated research on materials has been

done for the mechanical performance improvement.

3.4.2.5 Manufacture of the boot prototype

Three pairs of the first complete boot prototype have been made by Alpinestars. Figure 51 shows

some pictures.

The good fit and the performances of the new shape have been checked during a session of
fitting and in-vivo tests. The Web GTX, the boot prototype and the Supertech R have been shod

by 3 subjects and evaluated through the simulation of a normal walking and riding use. The
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testers have not experienced significative differences in terms of comfort and functionality; no

critical aspects of the boot prototype construction and behaviour have been detected.

The boot proto manufacture proceeded with the construction of the moulds for the plastic
components of the internal ankle structure. The latter parts have been then injected with the
proper material. The final boot prototype has been realized mounting the plastic components,
the absorption inserts and the sole together with the leather and the fabric parts.

Regarding the weight, the whole system of protective elements gave to the boot proto a mass
increase that has been limited to 20% respect to the Web GTX.

Figure 51. Boot prototype.

3.4.2.6 Design of the model legs for testing

To test the boot effectiveness in terms of impact, hyper-rotation and hyper-flexion, a dedicated
model leg was needed. It has been thought as an improved version of the model already used
in Alpinestars for boots and shoes testing.

The features required for the model leg are:
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- Biofidelic shape from shank to forefoot.
- Implementation of the two ankle joints (talocrural and subtalar).

- Structural strength of all the components and joints.

The human ankle consists of two joints: the talocrural one, and the subtalar one. Their
combination allows all their foot movements: dorsiflexion-plantarflexion, inversion-eversion,

pronation and supination.

Since the most frequent injuries are caused by inversion and eversion movements, it was thought
to make two model legs: one with the talocrural joint free and the subtalar one locked, and the
other with the opposite configuration. In this way it is possible to focus on the boot behaviour on
each joint.

The spatial position and orientation of the ankle joints and their ranges of motion were provided
by the partner LMU. They are represented in Figure 52 were the angles of inversion and eversion

for males are circled.
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mmummuum(m)mmmmmmm

Group N Dorsiflexion  Plantarflexion Inversion Eversion Abduction Adduction

Age (men and 20-39 255166 4460+£88 2061+67 1493+51 3781£101 3461195

women)* 40-59 2538+59 4030+78 2070+80 1377+33 3322+76 2993+9.1

60-69 2298+52 3889+68 1714+£58 1229+32 3165+54 27.86%85

70-79 225761 37.00+72 1705+57 1139+33 312985 2707+74

Gender and age

Men® 20-39 15 250%70 410+99 354+91 335+ 101

40-59 15 271+59 400+6.2 8+8. ! 325+68 323+66

60-69 15 25447 362+56 19055 LEXE 307 £45 306 £63

70-79 16 264147 337+69 e 6 : 5.6 ; 297+88 27.7+66

Women*® 20-39 15 260+64 482+59 3 402+107 35889
40-59 15 287567 40694 19 6 t 79 142+31 339+85 276107

60-69 15 20646 416+71 153+55 116+29 326+6.1 251 +98

70-79 15  185+48 405+59 156355 114+35 330+81 264 +85
* Plantarflexion, inversion, abduction, and adduction were significantly different with age (P < .05). Dorsiflexion and eversion had a significant

¢ Dorsiflexion, plantarfiexion, inversion, eversion, mmuonmmwwmmm(km
Figure 52. Spatial position and orientation of ankle joints.

The CAD of the model legs has been created through reverse engineering of the 3D scan of the

existing one, followed by appropriate modifications (Figure 53).
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Figure 53. Model legs: CAD and physical products.

The components of the two model legs were made in aluminium by milling and then assembled.

Their good quality and functionality were checked.

3.4.3 In-house testing

3.4.3.1 Preliminary impact performance tests

Impact in-house tests have been performed on three pairs of the Web GTX boots modified to
simulate the designed structures. The aim was to assess their protection performance and to
choose the best materials. The results are listed in Table 10. Results of impact test on modified Web

GTX boot in which the three set of protectors are marked as VA, VB and VC.

DESCRIPTION IFl)r'?t \(/?SLIEI\IIE)S IFéﬁ\t\(/<A5LIl(JI\IIE)S IPS£<V5AkLI\llJ)ES OUTCOME

SAMPLE MATERIAL LEF RI_?H LEF RI.(I_;H LEF RI.(I_BH IPA | IPS
VA SC-1 sheet 3.8 3.8 4.1 4.2 3.8 3.8 PéS PéS
VB Tripleflex10 4.9 4.7 5.5 5.5 51 5.2 | FAIL | FAIL
VC memory foam 4.9 5.6 5 4.8 5.6 4.8 | FAIL | FAIL

Table 10. Results of impact test on modified Web GTX boot

The VA protections, made of a SC-1 sheet, resulted to offer the best impact protection
performance, and was the only ones that passed the IPA and IPS assessment. The same impact
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tests described in the previous paragraph have been subsequently done by a test and

certification company. The results, extracted from the test report, are listed in Table 11. The

results of this test confirm previous in-house tests. Thus, it was decided to use these protectors

on the boot prototype.

H@l

RICOTEST

first in quality

TEST REPORT PRUFBERICHT
N. 3814810/E

References Tests Measuring Requirements
unit

EN 13634:2017 | Protective foctwear for motorcycle

riders
5 Optional requirements

51 Impact protection to the ankle

(6.2) and/or part of the shin
Right
- Internal ankle “IPA” kN =5
- External ankle “IPA" kN =5
- Shin “IPS™ kN <5
Left
- Internal ankle "IPA” kN <5
- External ankle “IPA" kN =5
- Shin “IPS™ kN <5

VA

3.8
4.1
3.8

3.8
42
3.8

date:

Results

VB

4.9
55
51

4.7
55
52

Table 11. Test report on IPA and IPS impacts for first prototype.

3.4.3.2 Boot FEM simulations

28/11/2019

vC

4.9
56
4.0

4.8
56
3.8

The scientific partner LMU has done FEM simulations of ankle torsion on the boot. The boot has

been modelled using shells with different mechanical characteristics, in order to mimic the real

boot stiffness. In particular, the reinforcement along the sides is simulated by shells made with

more rigid materials.
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S|

Figure 54. Boot design and loading configuration.

Suitable constraints and connections were applied on proximal tibia and between foot and plate.
The latter moves according to a prescribed motion, determining inversion and eversion moments

on the boot-leg system.

The required results are the curves of moment vs angle. They show that the reinforcement gives
to the boot higher benefits in inversion than in eversion.

Inversion

120

Eversion

Resultant Moment in Nm
3

o=

1=

Resultant Moment in Nm

MIE
o 3

0 4 8 12 16 20 24 28 32
Angle in deg

0o 4 8 12 16 20 24 28 32 36 40

Figure 55. Momentum vs angle for inversion and eversion

According to LMU, since from WP2 there is no relevant link between flexion/extension and injury

mechanics data, no simulation about these movements have been done.

3.4.3.3 Impact performance tests on boot prototype

The impact performance of the boot prototype has been evaluated in the areas of ankle and shin.
These tests have been performed with the method provided by the standard EN 13634:2010 for
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IPA and IPS. The results, listed in Table 12, show that the boot prototype passes all the required
IPA and IPS impact tests.

3.4.4 Assessment of specification

The inversion/eversion and flexion/extension test tools and the related procedures were
developed in collaboration with IDIADA and LMU. The tests of anti-rotation boot performances
have been done by IDIADA, on a dedicated bench test machine with different new metal

components for the constraint of the model legs. The actuating machine was an Instron 4206.

3.4.4.1 Boot inversion and eversion tests

The inversion and eversion tests were done fixing the model leg on the machine with its shank
and foot positioned horizontally. For the inversion test the foot side oriented toward the actuator

was the lateral one, whether for the eversion test was the medial one. The configuration of the

H@

RICOTEST

first in quality

eversion test is shown in Figure 56.

N. 3912823/E date: 09/07/2020
References Tests Measuring Requirements Results
unit
42

EN 13434:2017  Protective footwear for motoreycle
riders

5 Optional requirements

5.1 Impact protection to the ankle

(6.2) and/or part of the shin
Right
- Infernal ankle “IPA" kM <5 a7
- External ankle "IPA" kM <5 4,0
- Shin “IPs” kN <5 2.7
Left
- Internal ankle “IPA" kM <5 3.4
- External ankle "IPA" kM <5 4,2
- Shin “IPs" kM <5 2.9

Table 12. Test report of IPA and IPS impacts on boot prototype.
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Figure 56. Eversion test configuration. Blue line is the initial position; red line is the final position.

The Web GTX (model 1), the boot prototype (model 2) and the Supertech R (model 3) were fit
to the model leg. Then the forefoot was pushed down with the machine actuator, providing on it

a suitable displacement. During the test, the displacement was imposed by a controller.
The parameters of the test were:

- Vertical distance from initial to final position: 37 mm.
- Test speed: 25 mm/min.
- Force: up to 600 N.

Model 1 Model 2 Model 3
(WEB GTX) (PROTO) (SUPERTECH R)

Figure 57. Tested boots

D 4.2 Advanced PPE systems Page 83 of 89 26/2/21
to improve rider protection



() PIONEERS

INNOVATION FOR RIDER SAFETY

B iy

Figure 58. Inversion test on the boot prototype

The acquired signals are force, displacement and work done by the actuator. The force in

inversion test is depicted in Figure 59.

300

200

Fuerza en N

100

Tiempo de ensayo en s

Figure 59. Force vs time curves (inversion test)

Boot (model) Fmax [N] DlspIaE;errnn]entmax

162 37
Web GTX (1)

154 37

385 37

Proto (2) 310 37
270 37

215 37

Supertech R (3) 194 37
176 37

Table 13. Inversion tests results.
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From these acquisitions the forces acquired at a displacement of 37 mm have been considered
as data representative of the boot stiffness. The obtained results for inversion and eversion are
listed in Table 13, Table 14 and Figure 60.

Boot (model) Fmax [N] DlspIaE(r:nerr:]entmax

191 36,4
Web GTX (1) 158 37
159 35,7
231 37
Proto (2) 210 36,9
227 36,9
164 37
Supertech R (3) 166 37
161 37

Table 14. Eversion tests results.

350

300

250

Fmax [N] = Web GTX

m PROTO

200

150 -

100 - m Supertech R

50 -

Inversion Eversion

Figure 60. Inversion and eversion test results.

The inversion results showed that the racing boot has a higher stiffness than the production one,
which confirms expectations. However, the most important observation from Figure 60 is that the
boot prototype results to be significantly stiffer, particularly for displacements higher than 20 mm.
That means that the proto allows the rider’s foot to do the normal of inversion movement and at
the same time helps to prevent wider and more dangerous rotations.
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The eversion tests showed a similar behaviour of the boot prototype with respect to the Web
GTX and the Supertech R. As expected, the forces of the proto boot resulted to be significantly
higher than the production and the racing ones. The level of the additional support given by the

proto boot is similar to the inversion one: it becomes evident for the wider eversion rotations.

These results demonstrate that the target of providing a better support against inversion and

eversion injuries was achieved.

3.4.4.2 Boot flexion and extension tests

The flexion and extension tests have been done fixing the model leg to the machine, with the
shank positioned horizontally, and the foot vertically.

The boot prototype, the Web GTX and the Supertech R were fitted to the model leg. The lower
part of the boot was constrained with an over sole structure that embraced it and imposed the
required movements. The actuation of this system was still imposed by a controller.

For the flexion test the sole of the foot was pulled upwards, while for the extension test it has
been pushed downwards.

The parameters of the tests were:

- Maximum vertical distance from initial to final position: flexion 80 mm, extension 100 mm.
- Test speed: 50 mm/min.

- Force: up to 600 N.

FLEXION

Figure 61. New dedicated components of the test bench and load scheme.
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Figure 62. Flexion and extension test condition on the boot prototype.

The acquired results are force, displacement and work done by the actuator. From the
acquisitions the maximum forces acquired at the final displacement (58 mm for flexion test and
70 mm for the extension one, respectively corresponding to 70 s and 84 s) have been considered
as data representative of the boot stiffness. The obtained results are listed in Table 15, Table 16

and Figure 63.

41 58.0
Web GTX (1)
43 58.0
114 58.0
Proto (2)
112 58.0
60 58.0
Supertech R (3)
57 58.0

Table 15. Flexion test results.

Boot (model) Fmax [N] DlspIaE?ner;n]entmax

31 70.0
Web GTX (1)
37 70.0
48 70.0
Proto (2)
53 70.0
49 70.0
Supertech R (3)
50 70.0

Table 16. Extension tests results.
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120

100

80
m WEB GTX

m PROTO

Fmax [N]

60
40 - - Supertech R

20 A

Extension Flexion

Figure 63. Flexion and extension test results.

The results showed that the Supertech R is characterized by a higher stiffness than the Web
GTX both in flexion and in extension. Considering the flexion results, the boot prototype seemed
to be much stiffer, and that is the desired behaviour, since these forces were acquired for
rotations of about 16° which is close to the foot range of motion limit of 25° (see Figure 52). The
forces for smaller rotations are only slightly higher than those of the other boots, which still allows
an easy ankle movement. This result was made possible by an improvement of the internal ankle
structure. A possible future work could be to try to modify this structure making it less rigid for

small rotations.

The extension tests showed that the boot prototype has a stiffness slightly higher than the Web
GTX and similar to the Supertech R. It must be considered that the human normal extension
range of motion is larger than 35° and that here forces related to maximum rotations of only
about 12° were considered for comparison. The boots behaviours for higher and more dangerous

rotations could be in future investigated with a dedicated test procedure.
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