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The popularity of e-scooters and e-bikes has caused a rise in severe accidents due to inadequate regulations and very low use of helmets. Traditional

iEnePthBlhrEMﬂ?Ie with the spontaneity of micro-mobility, are also unsustainable due to the materials used and their manufacturing

process, impairing any kind of recycling or repurposing.

» N of Injuries

Address the safety concerns and sustainability issues associated with urban micro-mobility by designing

and testing a novel helmet concept using hybrid composites containing cork and other energy-absorbing
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STF -, with the goal of achieving improved impact protection, reduced carbon footprint, and recyclability.

® EXxperimental tests using a drop tower

Impact energies of 20 J and 100 J
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Total mass:
20 kg
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Cork + PVC
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Cork + STF + Cork
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Cork + STF + TPU

(STF encapsulated with TPU)
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® Material characterization and Finite Element Analysis (FEA) in Abaqus

Replication of experimental tests in a virtual setup in order to validate the materials’ bahaviour
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® Impact simulations according to the EN 1078 standard for bicycle helmets
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Cork 200 kg/m3
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Traumatic brain
Injury (TBI) present
In up to 40.2% of
the cases

Main cause of injuries

Very low use of
helmet and other
protective gear.

Helmet use
averaged 4%
amongst cities
where its use is not
mandatory
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The results of this work include the development of an aesthetically innovative and functionally effective

helmet prototype with a 42% lower carbon footprint than standard helmets, excellent performance in

disassembled and its parts recycled, contributing to sustainable development goals. In terms of

performance, it has an

average HIC of 670, meaning it offers less than 5% risk of a TBI.

345.5 mm

Impact tests according to the EN 1078 conducted
at Abimota facilities
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average acceleration of 158 g (far below from the standard’s 250 g treshold) and an

292.6 mm

\_

®

[ 4

e
D
t

1

Factors leading to low helmet usage
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. Wearing a
Inconsistent Spontaneous helmet in a Existing
and often nature of shared protective
confusing e-scooter trips micro-vehicle gear is
legislations and can be incompatible
underestimation inconvenient with shared
of danger for many micromobility

Associated factors

Helmets lack
convenience and
portability, which
are essencial for
the spontaneous

nature of

The foams used in
helmets’ liners
cannot guarantee the
same levels of
protection after the
first impact due to

Manufacturing
processes normally
bond the helmet’s
hard shell and liner
together, impairing
its disassembly and

permanent micromobility trips the consequent
deformation of the recycling of the
material components

TPU WITH SHEAR THICKENING FLUID
IN THE CAVITIES
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Physical prototype for testing against impacts

o /

6JG JGNOGV 'VU KPUKFG C TGIWNCT DCEMRCEM

250

200

150

Acceleration (g)

100

50

@ EN 1078 threshold

@ Helmet's avg. acceleration

und er the Doctoral

Time (ms)

Grant PRT/BD/154271/2022 | Sustainable Cities




