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Executive Summary

WP4 activities focus on the development at prototype level of a “new generation of protective
equipment”. Within this framework, task 4.1 activities are preliminary to the design stage of
the new PPEs, that will happen in tasks 4.2 to 4.5 for head and neck, upper torso, pelvis, and

lower leg and foot respectively.

The goal of task 4.1 was the definition of the specifications for the design of new PPEs using
as inputs the results of D1.1, D1.2, D1.3 and the state of the art of motorcycling protective

equipment. The work was organized in three consecutive steps:

1. Joint review of the inputs by the partners and agreement on the twofold objective
of improving the protective performance and of increasing the usage rate.

2. Definition of a common methodology for the analysis of the SoA, and the definition
of technical specifications to be improved.

3. Definition of the parameters to evaluate the improvement and target setting for the

quantitative improvement.

This process was carried out for each of the four vulnerable body regions. The characteristics
of the innovative PPEs to be developed were identified on the basis of the required protective
performance to reduce the rider injury level and considering also the additional needs
perceived by riders. The technological SoA was defined using the industrial expertise available
among the partners. The SoA was also linked to the technical specifications and to the drivers
for innovation. Information was organized in the shape of a matrix with prioritized design
improvements, which were complemented with parameters and their related target to evaluate
the improvement. The assessment, performed in the following tasks, will be made

benchmarking the best in class product, defined on the basis of industrial expertise.

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

BSF Basilar skull fracture

GIDAS German In-Depth Accident Study
H2020 Horizon 2020

INSAFE In-depth Study of accidents in Florence (University of Florence)
KSI Killed and seriously injured

oV Other Vehicle

PPE Personal Protective Equipment
PTW Powered Two-Wheeler

SoA State of the Art

WP Work Package
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1 Methodology

In WP4 the prototypes of a new generation of PPEs will be defined. To achieve this ambitious
goal, precise targets need to be defined in order to steer the design process in the right direction.
The definition of these targets, i.e. the performance objectives for new PPEs, is the focus of task
4.1. A preliminary step to this process is the definition of a common understanding of technical
specifications and the methodology for their definition. In this section the results of this

organizational phase are reported.

“A technical specification is a document that defines a set of requirements that a product or

assembly must meet or exceed.”

This definition implies the possibility to verify if a product complies with its technical specification.
A scheme for the identification of the parameters characteristic of the system performance and
their future quantification needs to be defined. This requirement was incorporated in the
methodology for the definition of the system specifications (Figure 1), which was comprised of

the following steps:

systematic identification of the technical features for the different type of protectors;
review the SoA of PPE;

connection of the technical features with the SoA;

> nNn =

review of the results on accident research and user needs from WP1 and their integration
in the decisional process to identify the technical features to be improved;

identification of the technical features to be improved;

definition of the method used to measure the performance and the related parameter;

definition of the target improvement of the parameter.

____________
- ~
- ~

I”
¢ Purpose for
. improvement

Identification of
technical features to
be improved

Quantitative target

Prioritization of

. setting for
improvement

improvement

Figure 1 — Methodology for the definition of system specifications.
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During the implementation of the method, a prioritization of the technical features to be improved
was performed. In fact, industrial partners have budget constraints within the project, and thus
not all the desired improvements could not be achievable within PIONEERS. Nonetheless the
definition of the improvement targets could extend its validity beyond the duration of the project,

and lower priority items may be included in future improvements of the PPEs.

The methodology relies on the internal technical knowledgebase of the manufactures, which
have information not available in the scientific literature. Since the industrial partners represent
a large share of the top PPE manufacturers worldwide, the information provided for this
document do represent a unique SoA. This knowledge was also the basis for the decision of the
improvements to be implemented in the different PPEs and the definition of the target
improvements. It is necessary to specify that the target improvements included in this document,
expressed either as absolute or relative values, do not represent or refer to values specified in
standards but to a reference existing protector that already meets the legislative requirements.
Thus, all the industrial partners are committing to deliver products that exceed the minimal

legislative requirements set by the current standards.
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2 Review of inputs

2.1 Accident scenarios (D1.1)

In WP1, T1.1 performed an accident analysis across several databases, included in-depth ones.

The findings were reviewed to identify possible inputs for the activities of T4.1, and the most

relevant ones are reported in the following paragraphs.

2.1.1 Performance of Personal Protective Equipment (PPE)

Several studies and reports were reviewed in the deliverable. The most significant statements

are quoted for future reference in the development of new PPEs:

In the project VOIESUR resulted that “Overall, around 66% of PTW users involved in fatal
accidents wore at least one item of equipment. This rate was significantly higher among
users of heavy motorcycles (83%) than among light motorcycle and moped users (33%
and 26% respectively). Furthermore, this rate was also higher among drivers (68%) than
among passengers (38%). Of the 13 light motorcycle and moped passengers, none wore
any item of equipment other than a crash helmet.”

“The Gear Study (de Rome, et al., 2011) showed that protective clothing for motorcyclists
is associated with reduced hospitalization rates and a reduced crash injury risk and
severity. In particular, garments fitted with body armour were associated with substantial
reductions in the risk of any injury, controlling for impact speed and type of impact. The
greatest benefits were in soft-tissue injury prevention and particularly open wounds, while
benefits for fracture prevention were not detected. Relatively high protective clothing
failure rates, even at estimated impact speeds below 40 km/h, suggested a need for
improved quality control of motorcycle protective clothing.”

In the Austroads Motorcycle In-depth Crash Study a number of statements related to PPE
provide interesting inputs:

o “Riders who wore clothing specifically designed for motorcycle use had lower
frequency of abrasions and lacerations. There appeared to be little additional
benefit provided from impact protectors. The variability in effective injury
prevention of motorcycle protective clothing available to Australian riders

indicated there was significant scope for improvement.”
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o “There are distinct differences in injury protection performance observed between
knee and shoulder impact protection indicating there may be a need for different
performance criteria for impact protectors designed to protect different body
regions.”

o “Riders wearing gear with poor thermal management properties are at risk of
physiological strain when riding for long periods in very hot conditions. Heat is a
disincentive to the use of protective clothing.”

o “Assessment methods designed to measure vapour permeability of clothing
appear to be appropriate for assessing thermal management of motorcycle
protective clothing.”

o “Besides heat, motorcyclists report other barriers to using protective clothing
including cost (especially for younger riders), availability of fashionable clothing
(especially for women and commuters) and ability to find clothing that provides a
good fit (especially for women and larger riders).”

e A number of “studies agree that PPE protects against light injuries (AIS 1 or 2) but not
necessarily against more severe injuries. Moreover, PPE ensures protection against

burns on soft tissue like skin but are less efficient in preventing fractures.”

2.1.2 Impact conditions

PTW and OV impact speed in AS3 (L3 PTW vs. Car) was analysed with the data from the EDA,
INSAFE and iGLAD databases (113 cases totally).

e “Overall the passenger car impact speed was lower than the PTW impact speed. Fifty-
one percent of the PTWs showed a crash speed between 30-60 km/h.
e Seventy-one percent of the OVs showed an impact speed between 0-25 km/h.
e [ 3 vehicles more frequently crashed with a speed ranging between 25-35 km/h and 45-
60 km/h.
e The OV more frequently crashed with a speed ranging between 10-25 km/h.
e Both in urban (AS3-U) and rural (AS3-R) roads
- PTWs showed the highest impact speed rate in the range between 40-60 km/h
(35.5%, 67.5%) and in the range between 20-40 km/h (31.5%, 26.5%).
- OVs more often showed to be involved in crashes at impact speed between 0-20
km/h (57.0%, 52.0%).
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e In urban crashes, about one-third (34%) of the PTWSs had an impact speed above the
typical speed limits. The PTW high speed looks to be an important factor in terms of injury

outcome, especially if a possible pre-crash braking is considered.”

2.1.3 Body regions being relevant for PTW

“The comparison of GIDAS, InSAFE, LMU, and NeuRA data showed that especially the KSI/
casualties suffer from thorax injuries in around 90%, with rib cage injuries between 45% and 76%
and lung injuries in about 68% of the KSI. Next relevant region is the head with 57% to 80% of
KSI suffering from injury in that body region, with a share of 60% to 70% showing injury to the

brain.

For the GIDAS and NeuRA data which contain a higher share of slightly injured PTW riders, the
body regions of relevance are the upper and lower extremities followed by the thorax. In these
areas the most frequent body parts injured are also the rib cage, followed by comparable shares

for pelvic bone, fibula and distal radius fractures.”

2.1.4 Conclusions on accident scenarios

Accident data have provided interesting information about the impact conditions. Car is the most
frequent OV for L3 PTWSs, and the car speed is overall lower (71% of impact speed lower than
25 kph) than the PTW speed (more distributed and varied in the urban and rural context). The
most injured body regions vary according to the injury severity. The results demonstrate the
necessity to consider adequate protection to all body regions, to reduce societal costs.
Information gathered on impact conditions and rider injuries, although they are at large
interesting for rider safety, cannot be directly used in the activities of T4.1. In fact, they can
provide inputs for test conditions, and thus requirements for the design stage, only after being

processed with accident reconstruction tools.

The review of the PPE performance highlighted different usage rates among riders of light
motorcycles and mopeds (33% and 26% respectively), and heavy motorcycle riders (83%). PPE
protected the riders mostly against injuries to soft tissues (e.g. abrasions), while there was no
clear benefit in impact protection (e.g. reduction in number of fractures). Thermal comfort was a
factor against usage of PPE: riders subjected to high thermal load, because of poor thermal
management of PPEs, can undergo a physiological strain especially in long travels. Researchers
found that the test to measure vapour permeability of clothing is a good predictor for thermal
management of PPEs. Cost is a further barrier to purchase and use of PPE cost, especially

among young riders.
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2.2 Review of rider needs (D1.2)

In WP1, T1.2 analysed the rider needs and habits with different tools and with reference to all
the possible safety systems under investigation in the PIONEERS project. Four sources of

information were used:

scientific literature;
the Voice of the customer survey, conducted during EICMA 2016;

results from the RiderScan project;

> nNn =

focus groups conducted within this project in three European countries of specific

relevance for riders (i.e. France, Italy, Spain) plus Australia.

The results are reported in D1.2 “Rider needs”. In this section the main results relevant for the

activities of T4.1 will be recalled and summarized.

2.2.1 Scientific literature

e Riders have a great confidence in PPEs (both helmets and protective clothing), and they
trust PPEs can provide better protection than more sophisticated on-board systems.
PPEs is also preferred because of rider perceive a better performance-to-cost ratio
compared to other solutions.

e Comfortis of utmost importance for PPE. The parameters factored in comfort are thermal

performance, posture and noise (with the first two strictly related to the garments).

2.2.2 “Voice of the customer” survey

e The purchase rate of PPE was different among scooter riders and motorcycle riders. Only
73% of scooter riders ever bought a piece of PPE (average number of purchased
garments: 4), while 95% of motorcycle riders did (average number of purchased
garments: 6.5).

¢ Motivations for not purchasing PPE are:

o careless attitude (69%) and not reputing them necessary for the specific travel

(31%) among scooter riders;
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o careless attitude (40%), not reputing them necessary for the specific travel (20%),
use of PPE owned by other family members (20%), low PPE comfort (20%)
among motorcycle riders.
¢ Different usage schemes can be detected from the frequency of purchase of the different
garments:
o only three garments (gloves, helmet, and jacket with protection) have a purchase
rate above 26% (respectively 80%, 74% and 54%) among scooter riders;
o ten garments (gloves — 89%, helmet — 87%, jacket with protection — 71%, bikers
boots — 50%, shoes —43%, back protector — 41%, trousers with protection — 39%,
long rain jacket — 34%, suit — 34%, rain trousers — 30%) have a purchase rate

above 26% among motorcycle riders.

2.2.3 RiderScan project

The project performed a survey at European level, on different topics related to rider safety. A

specific result on usage rate reports that 6 garments are the most used in all European countries:

gloves (96.5%);
helmet (96.3%);

jacket with elbow/shoulder protection (89.9%);

motorcycle specific boots (74.1%);

trousers with hip/knee protection (64.1%);
back protector (56.2%).

Other PPE relevant for T4.1 have lower usage rates:

e neck brace (2.9%);
e airbag jacket (0.9%).

The results were not segmented according to the rider type (i.e. scooter or motorcycle rider) and

thus they cannot be analysed together with “Voice of the customer” ones.

2.2.4 Focus groups

The focus group is a qualitative research tool that uses group discussion on selected stimuli in
order to, for example, evaluate new products, examine beliefs or elucidate customer needs. The
PIONEERS focus groups have targeted three user groups of riders, namely commuter, leisure
and pillion riders. These groups were selected to identify possible differences in needs for safety

systems at large and thus also for PPEs.
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The same topics were proposed for discussion to all the focus groups across the different
countries, with a single shared methodology. The following topics were relevant to gather

information on PPEs:

e Perspectives on safety equipment: to explore participants’ attitudes towards and
experience with safety equipment for riders and motorcycles (PPE and on-board
systems).

e Expectations for safety equipment proposed in PIONEERS: to explore participants

expectations and ideas for future innovative safety products.

Leisure riders in different countries reported a change in attitude towards safety with ageing

(decreased PPE usage with age in France, while increased in Italy).

In all European focus groups, there was particular attention on helmet and jackets.
Indications were given on the perceived fair price for helmets (350-600 € for Spanish riders,

and up to 500 € for Italian riders) and for back protectors (around 120-150 €).

French riders expressed the wish to have, in the future, PPE made of lighter and more

resistant materials, and PPE which would make them more visible to the other road users.

Purchase is influenced by the following factors: price for Italian riders; comfort, specifically
for trousers, jackets and boots, among French riders; balance between quality and price,

and aesthetic elements in Spain.

French riders believed that making prices lower for safety equipment, guarantying them by
insurers in the event of crash damage and demonstrated effectiveness would increase the

usage rates for protective equipment, in particular for PPEs.

Commuter riders in France give a high level of importance to safety equipment, while in Spain

and ltaly comfort and riding experience are considered more important.

Spanish and Italian riders reported a lower usage rate in urban areas. Motivations are the
perceived encumbrance of PPE and the perception of higher vehicle controllability, since

scooters are mostly used in urban contexts.
Spanish and French riders also reported a concern about conspicuity.

In all European focus groups comfort and price of PPEs are the main criteria for purchase
decisions. French riders stated that if other pieces of PPEs were made mandatory (in

addition to helmets and gloves), they would look for cheaper solutions.

Pillion riders expressed different attitudes towards PPE: French passengers accorded a high

importance to safety equipment, Italians a middle (they regularly use PPEs but they are not
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particularly interested), while the majority of the Spanish focus group expressed a low

importance.

Italian participants reported that, when on scooters and in urban areas, they use less safety

equipment because of a higher perceived control of the PTW in these contexts.

The helmet was stated as the most important piece of safety equipment in user groups. In
France gloves and trousers are also listed as important, in Italy the top 2 ranked items were
jacket and gloves. Spanish participants reported using street wear and helmet most of the

time, considering the other measures to be unnecessary, particularly in cities.

The main criterion for purchasing PPEs was the comfort and price or the French, while in
Spain aesthetics is the most important factor, followed by price. The ltalian group seemed
to put their trust in the brands and provider; only one listed several criteria for purchasing a
helmet. All the participants assigned an important role to their rider on PPE purchase

decisions.

In France the visibility of PPEs (conspicuity), and the lightness and resistance of their

materials are reported as the main concerns.

2.2.5 Conclusions on rider needs

Different sources have highlighted that riders are not a homogeneous group: commuters, leisure
riders and pillion riders, have shown in the focus groups different attitudes towards safety and
safety devices. Commuters include scooter riders and a share of motorcycle riders, while the
majority of the latter group is well represented by leisure riders. In the following the term
commuters will be used to identify scooter riders, where the segmentation was done with

reference to the type of PTW; similarly, the term leisure riders will indicate motorcycle riders.

Commuters have shown a lower purchase rate of PPEs compared to leisure riders (73% vs 95%,
“Voice of the customer” survey). The link with the usage rate is made via the results of the focus
group, where Spanish and Italian riders clearly reported a lower usage rate in urban areas
(typical context for commuting). Urban context, differently from the reported perception, is not a
safer environment compared to extra-urban areas, and thus an increase in usage rate among
commuters would lead in a direct safety improvement (34% of PTWs have an impact speed
above the speed limits, ref. section 2.1.2). Focus groups indicate that the most relevant product

features to increase adoption are comfort (incl. encumbrance of the PPE) and price.

Pillion riders were only analysed in the PIONEERS focus groups. They expressed different

attitudes towards safety in the three countries ranging from a mature and conscious use of PPEs
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in France to a lower importance associated with protections in Italy and Spain. In Italy the pillion
riders reported a low usage rate in urban areas, in line with the results from the commuters focus
group. This result confirms the relevance of targeting the increase of usage rate in urban areas.
The key factors that influence the PPE choice are comfort and price in France (analogous to

commuters), aesthetics of PPE in Spain, and to a brand trustworthiness in lItaly.

Leisure riders have a more mature attitude, with purchase interests spanning over more types of
PPEs. There is not a uniform driver for purchase across the countries, but all the factors,
highlighted in other user groups, were mentioned (i.e. price, comfort, aesthetics). In France the
riders expressed the wish to have products made of lighter and more resistant materials, and

with improved conspicuity.

In conclusion increasing usage rate would have a positive impact on safety, since there are
margins for improvement in different rider groups (commuters and pillion riders). Key factors for
riders are price, comfort and aesthetics. The safety performance of the PPEs was never

mentioned explicitly.
2.3 Future accident scenarios (D1.3)

The report on future accident scenarios was reviewed. The forecast targets the prediction of the
number of accidents in 2030 and not the possible variation in impact conditions. This information

does not provide useful inputs for the activity of T4.1.
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3 Targets for PPE development

In the following section the results of the application of the methodology outlined in chapter 1 is
reported. Although PPEs protect riders in impacts (i.e. typically a passive safety protective
action), the improvement of safety has to be framed in a broader view: higher safety levels need
to include both the improvement of protective performances and the increase of their use rate.
To accomplish the latter objective not only passive safety performance has to be considered in
the design of PPEs. Technical features as comfort need to deserve higher attention in the design

process and, thus, they were often included in the design of the PIONEERS prototypes.
3.1 Head and neck protection

The new PPE prototype for head protection will be a helmet marketed in the low-price composite-
shell segment, but with performances typical of more pricy helmets. The choice was made to
meet the strong demand of more affordable but performing PPEs, that was evidenced both in
the accident scenario review and in the focus groups. Also, T1.1 highlighted how the most
widespread type of motorcycle used are those belonging to the sport and naked segment, which

is the target use for the helmet that will be developed.

Neck injury mechanism is still an open point for scientific discussion, and no additional
information is available within the consortium at this stage of the project. Thus, the topic will not
be specifically addressed, but additional effort will be dedicated to the helmet development
looking for a design solution capable of reducing basilar skull fracture: this injury is more frequent

than neck injuries and thus the potential safety benefit could be higher.

3.1.1 Technical features

Twenty-one technical features were defined (Table 1). They encompass all relevant features,
including ergonomics, safety, compliancy with legislation, mechanical performance and comfort.
Many other features may be defined, but these are the ones considered relevant for increasing

riders’ safety either through passive, active and preventive measures’.

' Passive measures mitigate the outcome of an accident when it occurs; active measures help to avoid
accidents when they are about to happen; while preventive measures increase safety by making accident
less likely.
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Table 1 — Technical features for helmets

Technical features

Feature classification

Abrasion resistance Passive
Aerodynamic efficiency Preventive
Comfort Preventive
Compliancy with national helmet laws Passive
Conspicuity Active
Durability Passive
Ease of fit/securing/adjusting Passive

Ease of use Preventive, passive
Head protection from injuries Passive
High visibility graphic solution Active

Low weight Preventive, passive
Management of impact energy Passive
Mechanical resistance Passive

Noise reduction

Preventive, active

Protection from UV and sun light Preventive
Reduction of head linear acceleration Passive
Reduction of head rotational acceleration Passive
Thermal comfort Preventive
Versatility Preventive
Vision enhancement Active
Water sealing Preventive

3.1.2 Analysis of the technical State of the Art

The technical SoA for helmets is reported in Table 2. In the first column the SoA, i.e. the current
implemented technical solution, is shown, while in the second column a link is established with
the technical features involved. The third column is the indication of whether this technical

solution has been preliminary deemed worthy of improvement in PIONEERS.
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Table 2 — Technical State of the Art for helmets

Technical f B A i
State of the Art . echnical features .eyond SoAin
involved Pioneers?
Compliancy with helmets regulations such as ECE Compliancy with national os
22.05/DOT/JIS/Sharp/etc. helmet laws ¥
Hard external shell made of thermoplastic polymers or composite Head protection from no
materials (glass/aramid/carbon fibre reinforced resins) injuries
. Management of impact
Liner (Internal layer) made of EPS g P yes
energy
R i fh li
Different EPS thickness and densities in different helmet areas eductlor_1 of head linear no
acceleration
_ . Reduction of head
Low Friction Layer placed between head and liner ) . no
rotational acceleration
Three-layered liner made of materials with different densities and friction | Reduction of head no
coefficients rotational acceleration
Use of inserts on EPS liners made of a viscoelastic material placed on the Reduction of head no
EPS liner rotational acceleration
Use of carbon fibre composites or other lightweight materials for shell and .
Low weight yes
components
Foam comfort paddings covered with breathable and wicking fabrics Comfort no
Abrasion resistan
Abrasion resistant fabrics or leather used in the cheek pads b as_o_ esistance, no
durability
Air vents to favour air flow inside the helmet. Air vents with Thermal comfort, os
opening/closing mechanisms easy to operate with gloves versatility, ease of use ¥
Spoiler, streamline design Aerodynamic efficiency no
Vision enhancement,
Optical class 1, UV stabilized with additives. Visor colours: transparent, protection from UV and os
dark, tinted sun light, compliancy with ¥
PPE standards
Anti-fog film or treatment on the visor Vision enhancement no
Photochromic film or treatment on the visor Vision enhancement no
. Protection from UV and
Sun visor . no
sun light
Removable visor, chinbar, spoilers etc. Versatility no
Ad-hoc designed trims made of soft polymer materials or rubbers Water sealing no
Ease of
Micrometric or double-D ring chinstra . L es
g P securing/adjusting, safety ¥
Ergonomic opening for full-face helmets Ease of fit no
Flip-up chi P/ h | ion: hel h ith th
_p up chinbar (P/J homologation: helmet that can be used with the Versatility no
chinbar open)
Fashionable graphics with high visibility colours Conspicuity yes
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3.1.3 Definition of the technical improvements

Seven areas of potential improvement from the SoA were initially detected (Table 3): 3 were
classified as high priority, 3 as medium priority and 1 as low priority. Within PIONEERS the focus
will be on the 3 areas prioritized as high for the reasons described in the following; other areas
will be left for future projects. It was nevertheless a good exercise to detect the areas of possible
improvements with the highest impact on safety, thus giving suggestion to helmet manufacturers
on what specifics they need to work on for future safety improvements for the benefit of their
customers. The three high priority improvements are related to passive safety performance and

thermal comfort:

e Passive safety is the primary topic for this project, although not a direct requirement for
end users, who consider an adequate level of safety as a must-have feature for PPEs.
For this reason, the improvement of helmet impact performance was included among the
high priority targets. The analysis made during task 1.1 and described in D1.1 highlight
that, though current helmets have been proven to be quite effective in reducing KSI
victims, still lot of riders die or are permanently impaired due to brain injury. Scientific
evidence shows that current helmet standards, based on limits on linear accelerations,
are not able to assess the occurrence of brain injury and they are targeted at protecting
from skull fracture. However, skull fracture in helmeted head impacts is hardly a problem
and rarely occurs, while brain injury is still a major concern. Brain injury is predominantly
caused by sudden head rotation rather than its linear deceleration. For this reason, the
PIONEERS project will focus on developing a helmet liner able to manage oblique
impacts and minimize rotational pulses.

e Thermal comfort was identified as one of the key factors which influence the rider choice
of PPEs. A specific re-design of the helmet ventilation channels will be carried out with
computational fluid dynamics (CFD) or experimental wind tunnel-based techniques. Even
though helmets are mandatory there is evidence that, particularly in warm and humid
countries, they are not used unanimously for thermal comfort related reasons. Improving
this characteristic is therefore to have a positive impact on helmet rate of use. More
importantly, there is evidence that thermal discomfort leads rapidly to loss of focus and
attention by the rider. This in itself is a cause of accidents and highly ventilated helmets

will have a positive impact on the preventive safety associated to helmet use.

The improvement targets are shown in Table 3 and are expressed either in values measured
with a specified test method or in percentage. The reference product is a low-price sport

composite helmet (model: AGV KB6), that will be available in the market in 2020. The selection of
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the specific reference product is in line with the strong request from riders to have performing
but low-price PPEs.

The three areas prioritized as medium will be not addressed in the PIONEERS as these would
add considerably to the helmet retail price. High cost is an important aspect that deters
customers from using PPE, therefore it is important to focus on adding safety to a product which

have an affordable price by most of the riders.

Finally, the low priority area (chinstrap) will not be considered as it has not yet been possible to
define a clear method to improve it. According to D1.1 basilar skull fracture has quite a high
incidence. There is evidence that frontal helmet impacts (on chinbar and visor) may generate a
load that, when transferred to the rider neck through the chinstrap, may generate BSF. However,

the real injury dynamics is yet not know and it is not possible at this stage to work on this topic.
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Table 3 — Technical solutions selected for improvement and associated targets for helmet

State of the Art Purpose Priority | Method Measured parameter(s) Target improvement(s)
Compliancy with Supersede A n.ew t?St methoqllconter?platlpg PLA (Peak Linear Acceleration) and BrIC (brain Injury
helmets regulations such obs_olete HIGH oblique impacts will be defined in Criterion) measured according to FIM FRHPheO1 oblique |PLA<208g
as ECE22.05 national T3.2 based on FIM FRHPhe01 and test method BrC<0.5
standards ECE 22.06 draft
Increase
Energy Absorbing Liner thermal Use of additive manufacturing or De\_/elo_p an energy absorbing liner
made of EPS comfortand | HIGH modular structures made of - which is breathable and able to
impact viscoelastic foams manage energy
performance
Use of carbon fibre Increase
c_ompos_ltes or oth.er Fomfort and MEDIUM | Digital Scale Helmet static weight 10% reduction in weight
lightweight materials for | impact
shell and components performance
Air vents to favour air Increase .
o thermal HIGH CFD and/or wind tunnel tests. Heat flow leaving the head 10% improvement in heat flow
flow inside the helmet
comfort
To allow a
Optical class 1 ?eiﬁled MEDIUM | Ad Hoc optical tests in laboratory Meas_urement of the wavelengths transmitted through 15% enhancement of contrasts in
. the visor vision
vision of the
road
Micrometric or double-D | Increase Exp_erimental test to 'asses risk of
ring chinstrap safety LOW basilar skull fracture induced by TBD TBD
chinstrap (TBD)
Fashionable graphics Increase
with high visibility o MEDIUM | Ad hoc road tests (TBD) TBD TBD
conspicuity

colours
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3.2 Upper torso

Two separate prototypes will be developed by the two industrial partners involved in the design
of PPEs (REV’IT! and MOTOAIRBAG), which will be referred to as prototype R and prototype M
respectively. Although REV’IT! and MOTOAIRBAG are currently working separately on 2
prototypes for T4.3, both partners have made the decision to collaborate on one final prototype;
if the progress of the concept is unsatisfactory by November 2019 (M19). The deliverable will be

a garment designed for optimal impact and abrasion protection.

The goal in T4.3 is to make a thorax protector that is lightweight, breathable, flexible and
comfortable for the rider. The target customers are inner city riders, touring riders and

commuters.

REV’IT! wants to go beyond the state of the art for comfort and match the current norms for
impact protection. The ultimate goal is to increase user acceptance, especially in hot climates.
For achieving this target REV’IT! is looking at static and dynamic protectors, as well as hybrid

structures to protect the thorax of the rider.

MOTOAIRBAG focuses on airbag technology. The aim is to go beyond the state of the art in
terms of increasing the level of acceptance of airbag technology. MOTOAIRBAG will achieve the

goal improving comfort in term of weight, friendly use, low maintenance and price.

3.2.1 Technical features

A common set of technical features was developed, as the two devices have a common
protective target (Table 4). Aside the safety features, which include also the time scale, comfort,

ergonomics, cost and aesthetical features are included in the development process.

Table 4 — Technical features for thorax protector

Technical features

Adjustability Impact distribution / puncture resistance

Inflation time of impact absorption

Aesthetics (fashionable) mechanism

Area of protection Maintenance

Noticeability of canister integration within

Breathability device
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Compatibility with other PPEs

Price

Effort needed for donning

Protective during multiple crash
scenarios

Flexibility / Comfort during movement

Reduction of rotational spine
acceleration

Friendly use

Thickness in non-active state

Functional feedback / usability

Triggering time of impact absorption
mechanism

Usage for multiple impacts without

Impact absorption replacement / refurbishing of parts

Impact absorption in extreme

temperatures Ventilation

Impact absorption in wet conditions Weight

3.2.2 Analysis of the technical State of the Art

The technical SoA for prototype R is reported in Table 5, while for prototype M in Table 6. The
tables share several common technical aspects related to safety, activation, ventilation and
weight, nonetheless the two prototypes also target unique features (e.g. in prototype M price,

aesthetics and friendly use; breathability and comfort prototype R).

Table 5 — Technical State of the Art for thorax protector (prototype R)

State of the Art Technical features involved B.e yond SoA in
Pioneers?
Impact absorption No
Impact absorption in extreme
No
temperatures
Impact absorption in wet conditions | No
Inflation time of impact absorption No
Sealed polymer fabric bag for pressurized gas containing mechanism
internal distance limiters Weight Yes
Thickness in non-active state No
Breathability Yes
Ventilation Yes
Flexibility / Comfort during Yes
movement
Impact absorption No
Static protector combining a hard shell with soft shock Impact distribution / puncture No
absorbing material resistance
Thickness in non-active state No
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Beyond SoA in

State of the Art Technical features involved .
Pioneers?
Breathability Yes
Flexibility / Comfort during Yes
movement
Impact absorption No
Impact distribution / puncture No
resistance
| . . . . L
nflatlr.1g shock absorbing protector combined with a hard-shell Thickness in non-active state No
material
Breathability Yes
Flexibility / Comfort during Yes
movement
Back protector containing non stretchable straps that stop Reduction of rotational spine Yes
sudden rotational movement of spine acceleration
Inflating protector covering thorax, ribs, full back and shoulders | Area of protection No
Electronic triggering mechanism by combining multiple sensors | Triggering time of impact absorption No
with algorithm mechanism
. . . Triggering time of impact absorption
Mechanical triggering cable g8 .g P P No
mechanism
. . . . Noticeability of canister integration
Inflation canister integrated in hard-shell back protector . .y g No
within device
. - - . Usage for multiple impacts without
Static protector consisting of recovering impact absorbing foam N No
P g g1mp g replacement / refurbishing of parts
. . . . . Usage for multiple impacts without
Inflatable protective system containing two inflation canisters L No
replacement / refurbishing of parts
L . . . Protective during multiple crash
Electronic triggering mechanism tuned for each riding style . & P No
scenarios
Static protector of impact absorbing material moulded in an I
P P & Ventilation Yes
open structured shape
Polymer fabric bag for pressurised gas that unfolds during Flexibility / Comfort during No
inflation movement
Polymer fabric bag for pressurised gas with separation of Flexibility / Comfort during No
protective areas movement
| . . . . .
mpact protective devices integrated in abrasion resistant Effort needed for donning No
outer-shell garment
Adjustable straps between protective parts Adjustability No
Base-layer / over-shell garment containing inflatable protective - .
. Ve & & P Compatibility with other PPEs Yes
device
Digital app enabling tuning of electronic triggering for each
riding style, updating firmware, receiving product status and Functional feedback / usability No
power level
Inflatable protective system enabling removal of electronic . -
p_ ¥ g Functional feedback / usability No
system during recharge
Infl | i li | f inflati
:fxtab e protective system enabling replacement of inflation Maintenance No
canister
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Table 6 — Technical State of the Art for thorax protector (prototype M)

. B d SoA in
State of the Art Technical features .e S
Pioneers?
Protection is offered by airbag system alone or in combination
with rigid protector. EN1621/4 testing procedure and Impact absorption No
requirements
General EN1621 detected zones Area of protection No
Tri ing ti fi i
EN1621/4 requirements rlggerlr?g time of impact absorption No
mechanism
Inflation ti fi i
EN1621/4 requirements n atlon. time of impact absorption No
mechanism
After activation some airbag devices can be recharged by the Usage for multiple impacts without No
end user and some must be sent to the producer for recharge replacement
For mechanlcal triggered alrbag_ system: FN1621/4 Protective during multiple crash
requirements. For electronic triggered airbag system: no . No
. . scenarios
unique testing protocol
Weight of the airbag system and rigid protector (if present) is in .
L
arange of 0.5 kg to 2.5 kg Lyl M2
Perspiration is limited by the airbag material Thermal comfort Yes
Rigid protector limit general comfort Ease of use and comfort Yes
MthanlcaI maintenance every 2 / 4 years. Electronic Maintenance Yes
maintenance every 20 / 30 hours
Mechanical activation easier than Electronic Friendly use Yes
Price range 400 to 2500 euro Price No
Fashion trend Aesthetics (fashionable) Yes

3.2.3 Definition of the technical improvements

The development goals of the two industrial partners share a common concern:

“Drastically improve the wearing comfort, user-friendliness and accessibility compared to current

thorax protection devices to increase use-rate of this particular PPE type.” (REV’IT!)

“Drastically improve the use of airbag by motorcyclist, the comfort (lower weight) and flexibility
of use. Reduce the price as well as the maintenance frequency by the user. Improve the easy
and friendly use.” (MOTOAIRBAG)

The improvements target an increase of the usage-rate, through an improvement of comfort,
ventilation and breathability, and weight reduction (Table 7 and Table 8). The choice is in line
with the low usage rate of inflatable devices (ref. results of the RiderScan project). The tackled
problems also implement the needs expressed by several groups of riders for increased comfort
and usability of PPEs.
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Table 7 — Candidate improvements and targets for thorax protector (prototype R)

- . Measured
State of the Art Technical features Purpose Priority How do we measure it? Improvement(s)
parameter(s)
Increase
. 0 Weight scale, User questionnaire, | Total weight Weight -5%, comfort
Weigh | MEDIUM ! ! ! . !
elght acceptability and U Road test Comfort level rating +10%
usage
| h I . . . Weight of .
) Breathabilit r’r:aar:v:n:eigs HIGH CFD analysis, Upright/inverted cup evz gorated water Breathability +10%,
Sealed polymer fabric bag Y 1anag test, Road test P ! comfort rating +15%
for pressurised gas high temperature Comfort level
containing internal Volumetric flow rate
distance limiters . . CFD analysis, Air velocity meter, . " | Ventilation +30%,
Ventilation Increase of airflow | HIGH Air speed, Pressure, .
Manometer, Road test comfort rating +20%
Comfort level
s Improve usage
Fl I f . . .
e)flbl ity / Comfort feeling and increase | MEDIUM | User questionnaire, Road test Comfort level Comfort rating +15%
during movement
usage rate
. . ) Weight of .

) Breathabilit ?aar:v:n:r;ig:l HIGH CFD analysis, Upright/inverted cup ev?gorta(:ed water Breathability +10%,
Static protector reathabiiity 1anag test, Road test P ! comfort rating +15%
combining a hard shell high temperature Comfort level
with soft shock absorbing Improve usage
material Flexibility / Comfort . . . . :

. feeling and increase | MEDIUM | User questionnaire, Road test Comfort level Comfort rating +20%
during movement
usage rate
i i i ight of
N Improve thermal CFD analysis, U_prlght/mverted cup | Weight o Breathability +10%,

) ) Breathability management at HIGH test, Hohenstein test, Thermal evaporated water, comfort rating +15%
Inflating shock absorbing high temperature mannequin test, Road test Comfort level & ’
protector combined with
a hard-shell material Flexibili £ Improve usage

e)flbl ity / Comfort feeling and increase | MEDIUM | User questionnaire, Road test Comfort level Comfort rating +20%
during movement
usage rate
Back protector containing
non stretchable straps . . . Angular velocity Angular acceleration -
R f | R | for be - .
that stop sudden eduction of rotationa Improve safety LOW otational force tests (to Angular acceleration, | 20%, comfort rating

rotational movement of
spine

spine acceleration

developed), User questionnaire

Rotational forces

+0%

Deliverable 4.1

Page 30 of 44

30/9/19




PIONEERS

INNOVATION FOR RIDER SAFETY

. - . Measured
State of the Art Technical features Purpose Priority How do we measure it? Improvement(s)
parameter(s)
Static protector of impact .
. . o . Volumetric flow rate, .
absorbing material - . CFD analysis, Air velocity meter, . Ventilation +30%,
> Ventilation Increase of airflow | HIGH Air speed, Pressure, .
moulded in an open Manometer, Road test comfort rating +20%
Comfort level
structured shape
Base-layer / over-shell - . .
armenﬁ co/ntainin Compatibility with other Compatibility with Drop tower impact test, FEM Reaction forces load | impact forces +0%
& g P ¥ all abrasion LOW analysis, User questionnaire, Road P i

inflatable protective
device

PPEs

protective garments

test

cell, Comfort level

comfort rating +10%
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Table 8 — Candidate improvements and targets for thorax protector (prototype M)

(fashionable)

wear nice-looking garment

Road test

questionnaire score

. - . Measured
State of the Art Technical features Purpose Priority | How do we measure it? Improvement(s)
parameter(s)
Weight of the airbag Compromise between extension
system + rigid protector (if Weight of the protected area and total MEDIUM Weight scale, User Total weight, Weight -5%, comfort
present) is in a range of g weight of the device in order to questionnaire, Road test | Comfort level rating +10%
0,5 kg to 2.5 kg provide a good general comfort
The air flow is partially Increase the internal of airflow Ergonomic test by
limited by the airbag Ventilation and comfort MEDIUM | assessment (questions) + | Comfort level Comfort rating +15%
material riding test
The presence of rigid e . .
e Flexibility / Comfort User questionnaire, Road .
protector could limit the . v/ Improve the comfort MEDIUM q Comfort level Comfort rating +10%
during movement test
general comfort
Mechanical maintenance Avoid the airbag doesn't work Measure the how
. . Increase
every 2 / 4 years . because the customer does not frequent is the Maintenance .
. . Maintenance HIGH . . . maintenance score

Electronic maintenance perform the frequent maintenance to the questionnaire score 20 %
every 20/ 30 hours maintenance device °

Avoid the airbag doesn't work

. . he customer does not . . " . :
Use of Mechanical easier . because t . ) "Friendly Use" friendly Use increase friendly use
. Friendly use understand the instruction or HIGH . ) . .

than Electronic . . questionnaire, Road test | questionnaire score | score 15%

forget it (after a long period of

no use)

Aesthetics Some motorcyclist wants to MEDIUM "Fashion" questionnaire, | "Fashion" increase "Fashion"

score 15%
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3.3 Pelvis

The pelvis protector aims to mitigate soft tissues injuries all over the pelvic area in case of low
speed impacts. A similar protector is not currently available in the market and thus the prototype
designed by the industrial partner will represent a new, highly innovative product. Moreover,
since the pelvic area is not currently covered by any European standard (e.g. EN 1621.1), a new

test method will be developed in PIONEERS Project for this specific protector.

3.3.1 Technical features

In absence of a pelvis protector to look at as reference, there was the need for the responsible

industrial partner to define from scratch two main aspects:

- the protector typology: traditional or with airbag;

- the typology of injuries to be mitigated.

Regarding the first point, both airbag and traditional protector designs were initially considered.
During the scenario analysis, one of the key aspects to be considered was the intervention time
available, which is the delta between the time of the first impact (motorcycle crash) and the time
of the first contact of the pelvic area against the motorcycle, in particular the fuel tank. As the
pelvic area is always almost in contact with the motorcycle tank, it appeared clear that the
intervention time needed is in the order of a few milliseconds. As the activation and inflation time
is normally between 50 and 100 ms, an airbag protector cannot be considered adequate for the
protection of the pelvic area. For this reason, the industrial partner decided to develop the pelvis

protector with a traditional protector design approach.

About the second aspect, the results of D1.1 show that pelvic injuries can involve high or low
threshold energy. The first condition is generally associated with fractures (e.g. open book
fracture), while the second one involves mostly soft tissue injuries. The pelvic area is a highly
delicate part of the human body, in particular for motorcyclists due to the riding position: the use
of rigid or thick elements, which would be required to protect from high energy impacts, is likely
to affect the rider comfort and to impair the usual movements necessary while riding. Therefore,
the PPE will be composed of soft protective elements located in strategic areas that will be
defined in Task 3.1. Soft protectors can be easily modelled around the human body shape and
they will cover soft tissues, in order to mitigate the injuries caused by low energy impacts. The

reason for focusing only on low energy impacts is the same as explained earlier: in a riding
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position the pelvis is so close to the fuel tank that there would not be enough room for a soft

protector to mitigate a high energy impact.

Thus, the pelvis protector that will be designed by the industrial partner aims at mitigating soft
tissue injuries and it will not consider a total protection against high force/speed impacts (e.g.

open book fracture).

Once the two main features of a pelvis protector first of its kind were defined, the other technical
specifications were outlined by the industrial partner (Table 9). Most of them relates to comfort
and safety, which were identified as key factors for the development of PPEs in the focus groups

and in other studies.

Table 9 — Technical features for pelvis protector

Technical features

Breathable

Compatible with different bike riding
position (Sport, naked, scooter)

Comfort Easy to adjust/no adjust needed

Easy to wear

Lightweight

At least compliant with EN 1621.1 (local
protectors standard)

Not limiting range of motion

Safety Protect pelvis by avoiding or mitigating
the effect of soft tissues injuries

Possibly protect pelvis from side impact
crashes

3.3.2 Analysis of the technical State of the Art

At the moment, the pelvic area can be protected only against abrasion by leather suits or
dedicated motorcycle pants (EN 13595). Anyway, there is no protector available in the market

dedicated to mitigating impact effects on the soft tissues of the pelvic area.

For this reason, current protectors are not considered an adequate reference for the SoA. The

development of this prototype has started from scratch by the industrial partner.
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3.3.3 Definition of the technical improvements

The pelvis protector under development in PIONEERS represents a novelty and thus all the
obtained technical features will be considered and will represent an improvement compared to
the current status. Although it is not possible to define improvements, a minimum safety
performance was defined considering the compliance with EN1621:1 (Table 10). A more specific
test method will be defined in task 3.1 of this project, but the results were not available when this
deliverable was drafted, and thus it was not possible to include further details on the test method

and the measured parameters.

Deliverable 4.1 Page 35 of 44 30/9/19



PIONEERS

INNOVATION FOR RIDER SAFETY

Table 10 — Technical State of the Art, candidate improvements and targets for pelvis protector

Purpose Priority Method Measured parameter(s) Target

Easy to wear HIGH Wearing time TBD

Easy to adjust/no adjust needed LOW User fit test User rating Minimum 3 out of 5
Breathability HIGH User rating Minimum 3 out of 5
Lightweight MEDIUM Digital scale Static weight TBD
(Csopn;ftz:\triZIkee\C/]v’it:;:;izr)ent bike riding position LOW User fit test Pressure points Minimum 3 out 5
Protect pelvis from side impact crashes HIGH TBD
ggl:jas’:dc)ompliant with EN 1621.1 (local protectors LOW ;e;tg.?ethod to be defined Test method to be defined in T3.1 TBD

Protect pelvis by mitigating injuries on soft tissues | HIGH TBD

Not limiting range of motion HIGH Road tests Test method to be defined in T3.1 TBD
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3.4 Lower leg and foot

The protection of this body region will be improved with a new touring boot prototype with
enhanced protective performances typical of more sport and technical boots. The choice was
made according to accident scenarios review and focus groups outcomes to provide a higher
protection against impact without affecting comfort and to meet the needs of a wider range of

final users.

3.4.1 Technical features

The technical features encompass several aspects (Table 11), but more than for other PPEs
comfort and ergonomics are important. In fact, motorcycle riders interact with the vehicle also
through boots and thus both the protection of the lower legs and the sensibility has to be

guaranteed in the products.

Table 11 — Technical features for boot

Technical features

Abrasion resistance Fit and easy closure/use

Comfort (in riding) Impact protection

Comfort (in walking) Leg/foot protection from compression
Compliancy with PPE standards Low weight

Conspicuity Protection from hyper rotation

Ease and safe bike control (Grip, clutch

use, etc.) Thermal comfort

Energy dissipation in case of crash

3.4.2 Analysis of the technical State of the Art

The SoA for boot technology is reported in Table 12. 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. Within this complex scheme, improvements targeted the most important

factors identified in the analysis of the inputs: comfort, conspicuity and safety.
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Table 12 — Technical State of the Art for boot

. . Beyond SoA
State of the Art Technical features involved . y.
in Pioneers?
TPU injected on breathable mesh Thermal comfort, impact protection no
Accordion Comfort (riding, walking) no
Suede microfiber on inner side Ease and safe bike control, abrasion resistance no
Flexible toe shifter Ease and safe bike control no
Double density ankle disk protection is mounted under
the leather in both lateral and medial sides. . .
. . Leg/foot protection from compression, impact
Internal shock resistant shin reinforcement mounted . . . yes
protection, comfort (riding, walking)
under the leather
Robust internal toe box and heel counter
Full Gore-Tex® internal membrane ensures 100%
waterproof performance and a high level of
breathability. Comfort (thermal, walking, riding), fit and easy
Extensive front and rear accordion microfiber flex zones | ¢josure/use ves
Side entry system with elastic mounted zipper and wide
hook and loop flap
. ion f . .

TPU shin protection for spread and dissipate impact Impact protection, thermal comfort no
energy
Replaceable toe slider Impact protection, energy dissipation no
Replaceable heel slider Impact protection, energy dissipation no
Zip for easy closure Fit and easy closure/use no
Hook | k i ller cl f .
ﬂ:to and loop tab to keep zip puller closed, safe and Fit and easy closure/use no
EN 13634:2010 compliance Compliancy with PPE standards yes
Alpinestars unique Multi Link Control system provides
advanced external protection and support for ankle
articulation, limiting hyper-torsion, hyper-extension and | Impact protection, protection from hyper rotation no
hyper- flexion as well as providing Achilles and ankle
impact protection
Micro adjustable ratchet buckle Fit and easy closure/use no
Advanced synthetic forefoot lining, laminated with .

. Impact protection no
open cell foam for shock absorption
Internal insole with the shank reinforcement integrated . N .

. Comfort in walking, impact protection no
for support to the arch area and foot protection
Air vents on the heel counter and shin plate Thermal comfort no
x Closure system features 2 polymer buckles plus
aluminium frames with innovative self-aligning, quick Comfort (riding, walking), fit and easy closure/use no
release, closures for customized and secure fitment
Replaceable sole Fit and easy closure/use no
Reflective inserts Conspicuity no
CE 89/686/EEC — CAT 2 compliance (performance riding Compliancy with PPE standards no
shoes)
Lighting system Conspicuity yes
High sliding surface Energy dissipation yes
Weight (Super TechR) Low weight yes
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3.4.3 Definition of the technical improvements

Six areas of possible improvement where identified and prioritized (Table 13). 3 of them were
classified as high priority, 2 as medium and 1 as low priority. Within PIONEERS the focus will be

on the 3 high priority areas, leaving others for future projects.

Improvements of the new boot will take the Alpinestars Web GTX Boot as reference (Figure 2).
The model represents the state of art in Touring market and one of the best seller products of
the brand. The objective of the current development activity is to bring higher protection level
and performances (derived from racing) to a wider range of customer looking at racing footwear

as a reference.

In terms of protection, while the current standard requirements are related just to abrasion
resistance and lateral compression, 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 standards (as in the EN 13634:2010)

The new design will also target the protection from hyper-rotations and hyper-flexions, which are
not currently considered in the EN 13634:2010 standard. At the current stage it was not possible
to define precise targets for these objectives since there are not available test methods. The
industrial partner is currently working on the development of a test method, which will be used at
a later stage to quantify the SoA (ref. to Alpinestars Web GTX Boot) and then to deliver an

improved performance.

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

riding boots.
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Table 13 — Candidate improvements and targets for boot

Technical features

How do we

State of the Art involved Purpose Priority measure it? Measured parameter(s) Improvement(s)
IPA/IP li
. . o EN 13634:2010 standard has | '7~/1PS compliancy
Double density ankle disk protection is
. parameters related to:
mounted under the leather in both . . and/or
i Abrasion resistance
lateral and medial sides. . -
Leg/foot protection Transversal rigidity . .
. Improve Hyper-flexion protection
. . from compression, . IPA/IPS (not mandatory) - .
Internal shock resistant shin . protection level Impact lab . . improvement (test to be
. comfort (riding, . HIGH impact protection on ankle
reinforcement mounted under the . . through reinforced tests evaluated)
walking), impact and sheen
leather. ; structure
protection and/or
. There are no standards for
Robust internal toe box and heel ;
hyper extension and hyper . .
counter . Hyper-rotation protection (test to
rotation
be evaluated).
Full Gore-Tex® internal membrane
ensures 100% waterproof
performance and a high level of
ility. | in fiel
breathability Improve Breathability Field test - Comfort mprov&_aments in field test
Comfort (thermal, breathabilit comparison erceived (values from 1 to evaluation.
Extensive front and rear accordion walking, riding), fit and weight and v, MEDIUM throE h lab E) Better thermal camera output:
microfiber flex zones. easy closure/use g '8 . larger breathable area and/or
comfort and field tests | Thermal-camera analysis . .
higher breathability.
Side entry system with elastic
mounted zipper and wide hook and
loop flap
Improved
Improve protection area
li ith PPE i IPA/IP li
EN 13634:2010 compliance Compliancy wit protection based |, -, comparedto | EN 13634:2010 standards /IPS compliancy
standards even on data standard and/or larger protection area
collected in racing . "
template
o L Visibility Lab and field o
Ligh . LOW - Active lighting present
ighting system Conspicuity improvement (0) test ctive lighting p
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State of the Art :I'echmcal featues Purpose Priority o “.le Measured parameter(s) Improvement(s)
involved measure it?
Improve sliding . s -
High sliding surface Energy dissipation effect during LOW Impact lab - TPUlnserts tg f;_acmt_ate sliding
. tests and energy dissipation
impact
Weight
Weight Sport boot Low weight reduction/same HIGH Weight Weight (balance) 10% weight reduction
performances
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Figure 2 — Alpinestars Web GTX boot.
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4 Conclusions

In this document is reported the work done by the partners of Task 4.1 to define the specifications
for the design of a new generation of PPEs. The methodology, outlined in chapter 1, started from
the identification of the technical features with an impact on road safety and to the evaluation of
the current state of the art for those. The process eventually led to the identification, for all
different types of PPEs, of the technical features which will be prioritized for development, with

the relative target values.

The definition of the performances for the new generation of PPEs was supported by the inputs
received from WP1, which were reviewed in chapter 2. The inputs allowed to factor the user
needs into the development process of the industrial partners, and thus to design PPEs that

increase safety both with better performances and through a higher usage rate.
For the head protection, the high priority areas that will be addressed are:

e The development of a helmet targeting the mitigation of oblique impacts.

e The development of energy absorbing liner with new technologies able to manage impact
energy and increase thermal comfort.

e The design of ventilation channels that will increase sensibly thermal comfort in warm

days.
For upper torso protection, the high priority areas that will be addressed are:

e Ventilation of the PPE to increase the air flows.
¢ Breathability of the materials used to improve thermal comfort at high temperatures.

e Reduction of maintenance and increase of user-friendliness for airbag solution.
For the pelvis protection, the high priority areas that will be addressed are:

e Maximise ease of fit and breathability for fostering adoption avoiding exacerbating
thermal comfort.
e Provide protection from soft tissue injuries on pubic and lateral pelvic areas.

e Maintain a natural range of motion not to alter the wearer riding experience.
For the lower leg protection, the high priority areas that will be addressed are:

e The development of a boot with reinforced structure and increased area of protection to
improve safety.

e Reduction of the weigh to increase comfort without degrading safety.
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These high priority target improvements, together with the test methods being defined in WP3
will be the base for the development of the PPEs for PIONEERS deliverable D4.2.
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