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Description

[0001] This invention relates to a helmet having an
impact mitigating structure, in particular an impact miti-
gating structure having multiple layers.
[0002] Injury to a person or damage to an object can
occurwhen the person or object is subjected to an impact
of sufficient magnitude. Considerable developmental ef-
fort has been expended to produce impact mitigating
structures, and in particular helmets and body armour,
which provide protection from potentially damaging or
injurious impacts.
[0003] Head injuries, which can be incurred as a result
of participation in sports such as cycling, horse riding or
rock climbing, are a common cause of serious brain
injuries. A brain trauma may occur as a consequence
of either a focal impact upon the head, a sudden accel-
eration or deceleration within the cranium, or a combina-
tion of both impact and movement. Impact protection is
therefore important in preventing brain injuries as a result
of impacts to the head.
[0004] Head protection, in the form of helmets, is de-
signed to reduce the forces experienced bya user’s head
during an impact. Generally, a helmet comprises at least
one impact absorbing layerwhich is designed to absorb a
portion of the forces to which the helmet is subjected
during an impact. Body armour similarly protects other
parts of a body.
[0005] However, helmetsandbodyarmouroftendonot
provide adequate protection during an impact against
both linear and tangential forces. As oblique impacts are
common, impacts will often include both linear and tan-
gential components. Tangential forces in particular result
in the rotational acceleration of the brain, which has been
linked to bridging vein rupture. In turn, this may be re-
sponsible for subdural haematomas, and diffuse axonal
injuries. Tangential forces during an impact may also
result in neck injuries.
[0006] Particularly, WO2019125282A1 discloses a
protective device for protecting a head from impact,
the device comprising: a shell substantially formed in a
dome-shape and having a first outer edge; an inner layer
substantially formed in the dome-shape disposed within
the shell, having a second outer edge and arranged at a
gap distance in a direction of the surface normal of the
shell, at least one connecting member interconnecting
the shell and inner layer by interconnecting the first outer
edge and the second outer edge, an intermediary struc-
ture comprising a plurality of deformable elements ar-
ranged in a single layer, wherein each of the deformable
elements, in an un-deformed state, is arranged in simul-
taneous contact with the shell, the inner layer and at least
one other deformable element of the deformable ele-
ments.
[0007] It is an aim of the present invention to provide a
helmet comprising an improved impact mitigating struc-
ture.
[0008] In this respect, the invention provides a helmet

comprising an impact mitigating structure, the impact
mitigating structure comprising:

a first inner layer;
a second outer layer; and
a reactive layer positioned between the first inner
layer and the second outer layer, the reactive layer
comprising a plurality of elements held between the
first inner layer and second outer layer;
wherein the reactive layer is arranged such that,
when the second layer is subject to an impact, the
plurality of elements of the reactive layer are config-
ured to roll to facilitate movement of the first inner
layer and the second outer layer with respect to each
other, wherein the first inner layer and the second
outer layerarearranged to separatewhen the impact
mitigating structure is subject to an impact.

[0009] Thus the invention provides a helmet including
an impact mitigating structure. The impact mitigating
structure is formed from a plurality of layers (a reactive
layer sandwiched between inner (first) and outer (sec-
ond) layers), where the reactive layer facilitates the
movement of other (e.g. impact absorbing) layers with
respect to each other. When the helmet, in particular the
second (outer) layer of the impact mitigating structure, is
subject to an impact (e.g. exceeding a threshold), at least
a portion of the force from the impact is transferred to the
reactive layer. This causes the plurality of (e.g. discrete)
elements to roll. This rolling motion of the plurality of
elements of the reactive layer allows the second layer
to move (e.g. slide or rotate) with respect to the first
(inner) layer, and/or vice versa. This movement of the
layers may occur during and after the impact.
[0010] The skilled personwill appreciate that the provi-
sion of the reactive layer in the impact mitigating struc-
ture, which facilitates movement of the first and second
layers relative to each other, owing to the rolling of the
plurality of elements between the first and second layers,
helps to transfer some of the energy from the impact into
movement of the layers relative to each other. This helps
to transfer energy from the impact (e.g. into the reactive
layer), such that the amount of energy transferred
through to the head that the helmet is protecting is
reduced.
[0011] The reactive layer helps to convert energy from
the impact into linear and/or rotational movement of the
layers relative to eachother. In particular, the energy from
the impact may be transferred to the (e.g. plurality of
elements of the) reactive layer (where, for example, it is
converted into kinetic and/or potential energy in the (e.g.
plurality of elements of the) reactive layer) such that the
energy is not dissipated by layers of the helmet and/or
transmitted through to a layer of the helmet adjacent the
user’s head. Thus preferably the (e.g. plurality of ele-
ments of the) reactive layer are configured to receive
kinetic and/or potential energy (from the energy of an
impact),when the impactmitigating structure is subject to
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an impact. This helps to reduce the linear and rotational
forces that are transmitted through the impact mitigating
structure, e.g. to the body that the impact mitigating
structuremay be trying to protect. As will be appreciated,
for a helmet protecting the head of awearer, this can help
to reduce the likelihood of head and brain injuries.
[0012] Transferring the energy to the reactive layer
(owing to mechanical work being done on the reactive
layer) and/or isolating the inner layer from forces experi-
enced by the outer layer in an impact contrasts with
conventional helmets that dissipate energy within (e.g.
between layers of) a helmet, e.g. through deformation of
connectorsor frictionbetween layers, or donot isolate the
inner layer. This often results in a significant amount of
energy being transferred from the initial kinetic energy of
the head and helmet involved in the impact to the inner
layer.
[0013] Furthermore, in at least preferred embodi-
ments, the arrangement of the reactive layer, with the
plurality of elements being held in place, may be config-
ured to introduce (or set) a particular threshold at which
theplurality of elements start to roll (e.g. are disrupted), to
allow the layersmove relative to each other. This helps to
provide a helmet having an impact mitigating structure
that is particularly suited to its useandcanbeused tohelp
to increase the amount of energy transfer into the move-
ment of the layers relative to each other.
[0014] Preferably the first inner layer, the second outer
layer and/or the reactive layer are configured such that,
when the impact mitigating structure is subject to an
impact, themajority of the rotational energy of the impact
(i.e. the component of the energy of the impact that
causes rotation of the layers of the helmet relative to
eachother) is transferred to thesecondouter layer and/or
the reactive layer.
[0015] Preferably the (e.g. first inner layer, second
outer layer and/or reactive layer of the) impact mitigating
structure is configured to substantially decouple and/or
isolate (mechanically) the first inner layer from the sec-
ond outer layer. This helps to avoid rotational energy
being transferred between the outer and inner layers of
the impact mitigating structure, thus helping to prevent
rotational energy from the impact being transferred
through to the head of the wearer of the helmet.
[0016] Rather thandissipating rotational kinetic energy
between the layers of the helmet (as is the case in
conventional helmets), the reactive layer gains kinetic
and/or potential energy from the rotational energy of the
impact. This may, for example, result in random and
disordered free motion of a plurality of elements of the
reactive layer, e.g. in anyorientationandaroundanyaxis.
Thisenergycanbe thought of as internal energysimilar to
that which molecules and particles attain.
[0017] The first layer, the second layer and the reactive
layer may have any suitable and desired geometries,
both individually and collectively. Preferably one or more
(e.g. each) of the first layer, the second layer and the
reactive layer has a thickness that is less than their other

two dimensions (e.g. across the surface area of the
respective layer). Preferably one or both of the first layer
and the second layer has a thickness that is greater than
the thickness of the reactive layer. As discussed below,
this may depend on the nature and function of the first
and/or second layers. Preferably the thickness of one or
more (e.g. each)of thefirst layer, thesecond layerand the
reactive layer is substantially constant.
[0018] In a preferred embodiment, one or more (e.g.
all) of the first layer, the second layer and the reactive
layer are arranged substantially parallel to each other.
Thus preferably the reactive layer is sandwiched be-
tween the first layer and the second layer, such that
the first layer, the second layer and the reactive layer
are stacked on top of each other. While the reactive layer
may extend over substantially the same surface area as
the first and/or second layers, preferably one or both of
the first layer and the second layer extend over a greater
surface area (e.g. in directions perpendicular to their
thickness) than the surface area over which the reactive
layer extends. In some embodiments, the reactive layer
extends over surface areas of the (impact mitigating
structure of the) helmet where any impact may occur.
[0019] In a preferred embodiment, one or more (e.g.
each) of the first layer, the second layer and the reactive
layer is (e.g. doubly) curved (e.g. over the surface area of
the respective layer). Preferably the shape and curvature
of the first layer, the second layer and the reactive layer is
such that the layers conform to each other. Preferably the
first layer has a convex surface facing the reactive layer
(andpreferably a concave surfaceon its opposite surface
facing away from the reactive layer, e.g. facing a user’s
head). Preferably the second layer has a concave sur-
face facing the reactive layer (and preferably a convex
surface on its opposite surface facing away from the
reactive layer, e.g. facing away from the user’s head).
Preferably the reactive layer has a concave surface
facing the first layer and a convex surface facing the
second layer.
[0020] In one embodiment the first layer comprises a
single (e.g. continuous and/or integrally formed) layer. In
one embodiment the second layer comprises a single
(e.g. continuous and/or integrally formed) layer. In one
embodiment the first layer comprises a plurality of (e.g.
discrete) segments, sections or portions that together
form the first layer. In one embodiment the second layer
comprises a plurality of (e.g. discrete) segments, sec-
tions or portions that together form the second layer.
[0021] The reactive layer may be arranged in any
suitable and desired way between (e.g. one or more
portions of) the first inner layer and (e.g. one or more
portions of) the second outer layer. In one embodiment
the reactive layer comprises a plurality of (e.g. discrete)
segments, sections or portions that together form the
reactive layer. For example, the plurality of elements of
the reactive layer may be distributed in separate regions
to provide the plurality of (e.g. discrete) segments, sec-
tions or portions that together form the reactive layer.
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Thus there may be one or more regions (e.g. segments,
sections or portions) between the first and second layers
(e.g. between the plurality of (e.g. discrete) segments,
sectionsorportionsof the reactive layer) overwhich there
are no reactive elements.
[0022] When two or more of the first layer, the second
layer and the reactive layer comprise a plurality of (e.g.
discrete) segments, sections or portions that together
form the respective layers, these plurality of (e.g. dis-
crete) segments, sections or portions in the respective
layers may correspond to (e.g. align with) each other.
Thus, the arrangement (e.g. shape and/or size) of the
plurality of (e.g. discrete) segments, sections or portions
in two or more of the first layer, the second layer and the
reactive layer may correspond to (e.g. align with and/or
be the same as) each other.
[0023] When the first layer and/or the second layer
(and, e.g., the reactive layer) comprise a plurality of
(e.g. discrete) segments, sections or portions, preferably
the plurality of (e.g. discrete) segments, sections or por-
tions of the first layer and/or the second layer are ar-
ranged such that, when one or more of the plurality of
(e.g. discrete) segments, sections or portions the second
layer is subject to an impact, the plurality of elements of
the reactive layer are configured to roll to facilitate move-
ment of one or more of the plurality of (e.g. discrete)
segments, sections or portions of the first layer and/or the
second layer with respect to each other.
[0024] Thus, for example, oneormoreof theplurality of
(e.g. discrete) segments, sections or portions of the
second layer may be arranged to move (e.g. indepen-
dently) relative to other(s) of the plurality of (e.g. discrete)
segments, sectionsor portionsof the second layer and/or
to move (e.g. independently) relative to the (e.g. plurality
of (e.g. discrete) segments, sections or portions of the)
first layer. Similarly, one or more of the plurality of (e.g.
discrete) segments, sections or portions of the first layer
may be arranged tomove (e.g. independently) relative to
other(s) of the plurality of (e.g. discrete) segments, sec-
tions or portions of the first layer and/or to move (e.g.
independently) relative to the (e.g. plurality of (e.g. dis-
crete) segments, sections or portions of the) second
layer.
[0025] The impact mitigating structure may comprise
any suitable and desired number of reactive (and other)
layers. In a set of embodiment, the impact mitigating
structure comprises at least two reactive layers. Prefer-
ably, the impact mitigating structure comprises further
layers. For example, a first reactive layer may be posi-
tioned between the first (inner) layer and an third (inter-
mediate) layer, and a second reactive layer may be
positioned between the third (or a fourth intermediate)
layer and the second layer. The additional layers may
also comprise one or more low friction layers, as de-
scribed herein, e.g. arranged between the other layers
of the impact mitigating structure. There may be multiple
layers between or surrounding each reactive and/or low
friction layer.

[0026] The further reactive layer(s)may be arranged in
any suitable and desired configuration, e.g. substantially
the same as (e.g. identical to) the first reactive layer. The
further (intermediate) layers may be arranged in any
suitable and desired configuration, e.g. substantially
the same as (e.g. identical to) the first layer and/or the
second layer.
[0027] The impact mitigating structure may comprise
any suitable and desirable number of plural elements. In
some embodiments, the number of elements of the plur-
ality of elements is between 5 and 100,000, e.g. between
50 and 10,000, e.g. between 100 and 1,000. In a set of
embodiments, the number of elements may be propor-
tional to the size (e.g. surface area) of (one ormore of the
layers of) the impact mitigating structure. For example, a
larger impact mitigating structure may comprise a larger
number of elements. In a set of embodiments, the ratio of
the surface area of the reactive layer over which the
plurality of elements are provided to the surface area
of the reactive layer is between 0.05 and 0.5, e.g. be-
tween 0.1 and 0.4, e.g. approximately 0.25.
[0028] In a set of embodiments, the ratio of the volume
of the reactive layer that is occupied by the plurality of
elements to the (total) volume of the reactive layer (i.e.
the relative density of the plurality of elements) is be-
tween 0.15 to 0.6, e.g. between 0.2 and0.5, e.g. between
0.3 and 0.4. This helps to control the amount of rotation
transferred through the helmet to the head of a wearer,
preferably to reduce (e.g. minimise) the rotational force
transferred through to the wearer’s head and brain as a
result of an impact, e.g. such that the counter rotation of
the wearer’s head is reduced (e.g. minimised).
[0029] Thus, preferably the relative density of the size
of the plurality of elements in the reactive layer is con-
figured to reduce (e.g. minimise) the rotational force
transferred through to the wearer’s head and brain as
a result of an impact.
[0030] The plurality of elements may be formed from
any suitable and desirable elements that facilitate the
movement of one layer of the impact mitigating structure
with respect to another. The individual elements of the
plurality of elements may vary in form (e.g. shape, size)
between themselves or, in some embodiments, the plur-
ality of elements are substantially identical to each other.
This may help to improve the consistency of the beha-
viour of the reactive layer across the impact mitigating
structure.
[0031] Each element of the plurality of elements may
comprise a polyhedron (e.g. having (only) straight edges
and flat faces). Preferably the elements are at least
partially rounded, e.g. at least half of the surface area
of the elements is rounded. Thus, in some embodiments
the elements do not comprise any straight edges or flat
faces. Rounded elements are able to rotate more easily
(e.g. roll relative to the first and/or second layers) to
facilitate the movement of the first and/or second layers.
[0032] In some embodiments, the elements are (sub-
stantially) spheroidal, e.g. spherical. Spheroidal ele-
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ments can rotate (e.g. roll) in multiple (e.g. any) direc-
tions, which helps to improve the movement of the first
and/or second layer in an impact (e.g. independently of
the direction of the impact) and thus helps to more
effectively reduce the transfer of forces through the im-
pact mitigating structure. Such an effect may still be
observed for elements having at least a partially rounded
surface area.
[0033] In one embodiment one or more (e.g. all) of the
plurality of elements (e.g. each) have a dimension in one
direction that is greater than a dimension in a different
(e.g. perpendicular) direction. Thus, for example, one or
more of the plurality of elements (e.g. each) have a
minimum dimension that is smaller than a maximum
dimension of the respective element. The plurality of
elements may be shaped in any suitable and desired
way to provide this (e.g. non-spherical) shape.
[0034] In one embodiment one or more (e.g. all) of the
plurality of elements are (substantially) prismatic, e.g.
cylindrical (preferably with a (substantially) circular
cross-section).
[0035] Preferably the dimension of the prism (e.g. cy-
linder) along the (main, projection) axis of the prism (e.g.
cylinder) is greater than the dimension of the prism (e.g.
cylinder) perpendicular to the (main, projection) axis of
the prism (e.g. cylinder). Thus, for example, when the
plurality of elements comprise a plurality of cylinders, the
length of the cylinders along their axis of symmetry is
greater than the diameter of the circle forming the cross-
section of the cylinders (perpendicular to the axis). As
with the plurality of elements in general, the plurality of
cylinders may have a plurality of different sizes and
shapes (e.g. ratios of lengths to diameters). Similarly,
aswith the plurality of elements in general, the plurality of
cylinders may comprise a low friction material. The cy-
linders may be formed from a low friction material or may
comprise a low friction coating.
[0036] When the plurality of elements have a dimen-
sion in one direction that is greater than a dimension in a
different (e.g. perpendicular) direction, preferably the
plurality of elements are arranged (e.g. distributed and/or
positioned) in the reactive layerwith the directions of their
greater dimensions not (e.g. all) aligned with each other.
Thus, for example, when the plurality of elements com-
prise a plurality of cylinders, preferably the axes of sym-
metry of the cylinders are not (e.g. all) aligned with each
other. Having the plurality of elements non-aligned, such
that they are arranged to roll in different directions, when
the second layer is subject to an impact, to facilitate
movement of the first inner layer and the second outer
layer with respect to each other, helps to control the
amount and/or direction of rolling of the plurality of ele-
ments and thus the amount and/or direction of the friction
between the first and second layers.
[0037] The elements of the plurality of elements may
have any suitable and desired size. The Applicant has
appreciated that the size of the elements may be chosen
depending on the intended application of the impact

mitigating structure (e.g. helmet, armour). In some em-
bodiments, the elements (each) have a maximum size
(e.g. diameter) of between 0.1 mm and 4 mm, e.g.
between 0.5 mm and 3 mm, e.g. between 1 mm and 2
mm. Preferably the elements (each) have a (maximum)
size that is greater thana quarter (e.g. greater than ahalf)
of the thickness of the reactive layer, e.g. greater than a
quarter (e.g. greater than a half) of the thickness of the
separation between the first layer and the second layer.
[0038] In some embodiments the plurality of elements
each have substantially the same shape, size and/or
dimensions. In some embodiments the plurality of ele-
ments have a plurality of different shapes, sizes and/or
dimensions. For example, the plurality of elements may
comprise a plurality of larger elements (having one par-
ticular size) and a plurality of smaller elements (having a
different, smaller particular size).
[0039] The size, and e.g. (relative) density, of the plur-
ality of elements is preferably configured so to reduce
(e.g. minimise) the rotational force transferred through to
the wearer’s head and brain as a result of an impact, e.g.
such that the counter rotation of the wearer’s head is
reduced (e.g. minimised).
[0040] The first layer and the second layer may be
spaced from each other by any suitable and desired
distance. In one embodiment the spacing between the
first layer and the second layer (e.g. at least over a region
between which the reactive layer is provided) is substan-
tially constant. In this embodiment the spacing between
thefirst layer and thesecond layer is variable (e.g. at least
over a region between which the reactive layer is pro-
vided). Thus, for example, there may be a region over
which the spacing between the first layer and the second
layer is less than the spacing between the first layer and
the second layer over a different region.
[0041] When the spacing between the first layer and
the second layer is variable, preferably the size of the
plurality of elements is variable (e.g. tomatch the spacing
of the of the first and second layers). Thus, for example,
the plurality of elements may be smaller in a first region
over which the spacing between the first layer and the
second layer is smaller and the plurality of elements may
be larger (than the size of the plurality of elements in the
first region) in a second region over which the spacing
between thefirst layerand thesecond layer is larger (than
the spacing in the first region).
[0042] The elements may be formed from any suitable
and desirable material. The elements may comprise a
substantially incompressible fluid. The elements may
comprise a non-Newtonian fluid.Preferably the elements
are substantially (e.g. wholly) solid (i.e. the elements are
incompressible and have a fixed shape). For example,
the elements may be formed from a material having a
Shore A hardness of greater than 50, e.g. greater than
100. Materials with this hardness are not easily com-
pressedordeformed.Usingsubstantially incompressible
(i.e. solid) elements improves the rolling (e.g. rotation) of
the elements during an impact, which helps to improve
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the movement of the first and second layers with respect
to each other.
[0043] Preferably the plurality of elements are stiff, e.g.
having a Young’s modulus greater than 0.1 GPa, e.g.
greater than 1 GPa, e.g. greater than 10 GPa.
[0044] In a set of embodiments, the plurality of ele-
mentscomprisea low frictionmaterial. Theelementsmay
be formed from a low friction material, or may comprise a
low friction coating. Any suitable and desirable low fric-
tion material and/or coating may be used. In a set of
embodiments, the coefficient of friction is less than 0.6,
e.g. less than 0.4, e.g. less than 0.2, e.g. less than 0.1,
e.g. approximately 0.05. In some embodiments, the low
friction material and/or coating comprises nylon. The low
friction material may improve the rolling (e.g. rotation) of
the elements (e.g. relative to each other and/or the first
and/or second layers) during and/or after an impact to the
impact mitigation structure, by allowing the plurality of
elements to roll (e.g. rotate)more smoothly during and/or
after the impact. This may facilitate increased and/or
smoother movement of the first and second layers with
respect to each other during and/or after an impact.
[0045] In one set of embodiments one ormore (e.g. all)
of the plurality of elements, the first layer and the second
layer comprise a high friction material and/or coating.
This may help to facilitate a torque between the plurality
of elements and the first and/or second layer, when the
impactmitigating structure is subject to an impact and the
plurality of elements come into contact with the first
and/or second layer. This torque (which, e.g., overcomes
the rolling resistance) helps the plurality of elements to
roll (rather than to slip and slide against the first and/or
second layer, for example) to facilitate the movement of
the first and second layers relative to each other.
[0046] Thus, instead of providing a low friction layer
between the first and second layers to facilitate move-
ment of the layers relative to each other, for example, the
Applicant has appreciated that movement of the first and
second layers relative to each other is greatly improved
by the rolling of the plurality of elements, which itself is
facilitated by the friction between theplurality of elements
and the first and/or second layer.
[0047] In preferred embodiments, the plurality of ele-
ments are held directly against (e.g. in contact with) the
first and/or second layer, preferably with no intermediate
layer or interface (e.g. low friction layer and/or (e.g.
flexible layer) retaining structure) between. This helps
to exploit the friction between the plurality of elements
and the first and/or second layer, to initiate rolling of the
plurality of elements on the first and/or second layer.
Preferably the first and/or second layer, with which the
plurality of elements contact, comprises ahard layer (e.g.
harder than an impact absorbing layer of the impact
mitigating structure, where provided).
[0048] In one set of embodiments one ormore (e.g. all)
of the plurality of elements, the first layer and the second
layer comprise a textured or structured surface. The
textured or structured surface of the plurality of elements

may be complementary to the textured or structured
surface of the first and/or second layer, which contact
eachotherwhen the impactmitigating structure is subject
to an impact. For example, the oneormore (e.g. all) of the
plurality of elements, the first layer and the second layer
may comprise a rack and pinion, cogs, interlinking ele-
ments, a ratchet and spindle that are configured to en-
gage with each other when the impact mitigating struc-
ture is subject to an impact. Again, this helps to facilitate a
torque between the plurality of elements and the first
and/or second layer,when the impactmitigating structure
is subject to an impact.
[0049] In a set of embodiments, the hardness of the
plurality of elements is greater than the hardness of the
first layer and/or the second layer. However, as outlined
below, the first and/or second layer may comprise a
harder coating (or additional hard layer) to interface with
the plurality of elements. The hardness of the elements
comparedwith the first layer and/or second layer helps to
improve the rolling (e.g. rotation) of the elements (e.g.
relative to each other and/or the first and/or second
layers) during and/or after an impact to the impactmitiga-
tion structure, by reducing (e.g. substantially eliminating)
the deformation of the elements during an impact.
[0050] The plurality of elements may have different
shapes, sizes and/or be formed from different materials.
However, preferably the elements are substantially iden-
tical in one or more (e.g. all) of their shape, size and
material.
[0051] The plurality of elements may be held between
the first and second layers in any suitable and desired
way. Preferably the reactive layer is arranged such that,
when the second layer (or, e.g., reactive layer) is subject
to an impact, the plurality of elements of the reactive layer
are configured to translate (be displaced) to facilitate
movement of the first inner layer and the second outer
layer with respect to each other, e.g. in addition to the
plurality of elements being configured to roll whensubject
to an impact.
[0052] In a preferred embodiment the plurality of ele-
ments of the reactive layer are held in a particular (e.g.
fixed) arrangement (e.g. array) between the first and
second layers. Thus the plurality of elements may be
held (e.g. fixed) in the particular arrangement during
normal use of the helmet but then disrupted (and, e.g.,
freed) from the particular arrangement in an impact, to
allow the plurality of elements to roll to allow the first and
second layers to move relative to each other.
[0053] Preferably the plurality of elements are config-
ured to be released (e.g. from the particular arrange-
ment) when the impact mitigating structure is subject to
an impact. Preferably the plurality of elements are con-
figured to roll after they have been released. Thus, in this
way, the plurality of elements of the reactive layer are
configured to "react" to the impact, facilitating the move-
ment (e.g. sliding) of (at least a portion of) the first inner
layer and (at least a portionof) thesecondouter layerwith
respect to each other, e.g. through providing a low friction
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interface (i.e. the reactive layer once the plurality of
elements have been released) between the first and
second layers.
[0054] Preferably the particular arrangement of the
plurality of elements of the reactive layer is configured
to be disrupted (e.g. to allow the plurality of elements to
roll) when the second layer is subject to an impact to
facilitatemovement of the first inner layer and the second
outer layer with respect to each other.
[0055] In a set of embodiments, the reactive layer is
arranged to allow the plurality of elements to (e.g. be
releasedand to) roll (toallow thefirst andsecond layers to
move relative to each other) when the (e.g. second layer
of the) impact mitigating structure is subject to an impact
having at least a particular (e.g. predetermined, thresh-
old) force (e.g. an oblique force). Thus preferably the
reactive layer is arranged to allow the particular arrange-
ment of the plurality of elements to be (e.g. released and)
disrupted when the (e.g. second layer of the) impact
mitigating structure is subject to an impact having at least
a particular (e.g. predetermined, threshold) force (e.g. an
oblique force). Thus preferably the reactive layer is con-
figured to hold the plurality of elements in position (e.g. in
a fixed or particular arrangement, e.g. against the first
and/or second layers) until the impactmitigatingstructure
is subject to an impact having at least a particular (e.g.
predetermined, threshold) force (e.g. an oblique force).
This helps to retain the plurality of elements (e.g. in their
particular arrangement) during normal use and to roll
(e.g. be disrupted from the particular arrangement) when
subject to an (e.g. sufficiently large) impact (i.e. greater
than or equal to the particular (e.g. tangential) force).
[0056] In some embodiments, the plurality of elements
are arranged to be (e.g. released and) displaced from the
location at which they are held when the (e.g. second
layer of the) impact mitigating structure is subject to an
impact, e.g. when the plurality of elements are disrupted
(e.g. released) from the particular arrangement. For ex-
ample, the elements may move freely away from their
(previously) fixed position, e.g. in addition to rolling. In a
set of embodiments, the plurality of elements are ar-
ranged to roll when they are disrupted from the particular
arrangement. For example, when the second layer is
subjected to an impact the plurality of element may be
arranged to roll (e.g. rotate) at a fixed location (in the
reactive layer.
[0057] Preferably the reactive layer is configured such
that, when the impact mitigating structure is subject to an
impact (e.g. having at least the particular force), the
plurality of elements are substantially not constrained
and are able to move freely. Preferably the plurality of
elements are configured to have substantially random
and disordered free motion, e.g. in any orientation and
around any axis, when they are disrupted. Preferably the
reactive layer is configured such that the plurality of
elements are free to move in three dimensions when
they are disrupted (e.g. freed by the impact). Preferably
the (e.g. plurality of elements of the) reactive layer are

configured to substantially prevent geometric locking of
the inner and/or outer layers, when the impact mitigating
structure is subject to an impact.
[0058] Preferably the (e.g. plurality of elements of the)
reactive layer is configured such that, when the impact
mitigating structure is subject to an impact (e.g. having at
least the particular force), the plurality of elements are
released from the reactive layerwithamaximumspeedof
200ms‑1 and/or an average speed of 80ms‑1. Preferably
the (e.g. plurality of elements of the) reactive layer is
configured such that, when the impact mitigating struc-
ture is subject to an impact (e.g. having at least the
particular force), the plurality of elements have a sub-
stantially constant rolling resistance that is substantially
independent of their speed.
[0059] The particular force required for the plurality of
elements to be disrupted may be chosen to have any
suitable and desired value (e.g. such that the first and
second layersmove relative to each other as the result of
a sufficiently large impact). In one embodiment the parti-
cular (e.g. predetermined, threshold) force is between 10
and 100 N, e.g. between 30 N and 70 N, e.g. approxi-
mately 50 N. The particular force may, for example be
chosen such that it reflects the lowest range of forces
acting on the impact mitigating structure which may
cause damage (e.g. an injury) to the body that the impact
mitigating structure is protecting, or such that it reflects
the maximum force the user protected by the helmet can
exert on the impact mitigating structure (e.g. during nor-
mal use, other than undergoing an impact). Having a
relatively lowvalue for theparticular forcehelps to reduce
the amount of energy that is transferred into the impact
mitigating structure from the impact to initiateoperationof
the reactive layer,whichhelps to reduce theenergy that is
transferred through to the user.
[0060] The plurality of elements may be held in any
desirable and suitable arrangement. Preferably the par-
ticular arrangement comprises a fixed (e.g. spatial) ar-
rangement of the plurality of elements. For example, the
plurality of elements may be held in this fixed arrange-
ment (e.g. such that the plurality of elements have a
defined position relative to each other) until the plurality
of elements are disrupted by an impact. In one embodi-
ment the particular arrangement comprises a (e.g. reg-
ular) array. Thus, the plurality of elements may be dis-
tributed (e.g. spaced) uniformly within (e.g. across) the
reactive layer. For example, the plurality of elementsmay
be distributed (e.g. spaced) according to a geometric
distribution (pattern). However, other patterns and se-
parations of the plurality of elements are envisaged.
[0061] The fixed (e.g. spatial) arrangement, e.g. as
well as the size and/or relative) density, of the plurality
of elements is preferably configured so to reduce (e.g.
minimise) the rotational force transferred through to the
wearer’s head and brain as a result of an impact, e.g.
such that the counter rotation of the wearer’s head is
reduced (e.g. minimised).
[0062] The particular arrangement in which the plur-
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ality of elements are held in the reactive layer may be
such that reactive layer comprises a plurality of layers
(e.g. each) of a plurality of elements. Preferably the
plurality of layers of elements are arranged to lie sub-
stantially parallel to each other, e.g. extending substan-
tially perpendicular to the thickness of the reactive layer.
Preferably theplurality of layersof elementsoverlapeach
other (e.g. across the majority, e.g. substantially the
whole, of their surface area of the layers). In one embodi-
ment the reactive layer comprises only a single layer of a
plurality of elements.
[0063] Theplurality of elementsmaybeheld (e.g. in the
particular arrangement) between the first and second
layers by any suitable and desirable retaining means.
In one embodiment the first and/or second layers them-
selves are arranged to hold the plurality of elements (e.g.
in the particular arrangement) between the first and
second layers (e.g. during normal use). In one set of
embodiments, the impact mitigating structure comprises
a support structure and/or a retaining structure arranged
to hold the plurality of elements (e.g. in the particular
arrangement) between the first and second layers (e.g.
during normal use). Preferably the support structure
and/or the retaining structure is arranged to (e.g. release
the plurality of elements to) allow the plurality of elements
to roll when the (e.g. second layer of the) impact mitigat-
ing structure is subject to an impact (e.g. having at least
the particular force).
[0064] Theplurality of elementsmaybeheld (e.g. in the
in the particular arrangement) in the support structure
and/or the retaining structure between the first and sec-
ond layers by any suitable and desirable retaining
means. For example, the elements may be held in the
support structure and/or the retaining structure by one or
more of: gravity, electrostatics, friction, grooves, one or
more magnets and an adhesive.
[0065] In one embodiment the retaining structure is
arranged to retain the plurality of elements (e.g. within
the retaining structure) when the impact mitigating struc-
ture is subject to an impact (e.g. having at least the
particular force). This helps to prevent the plurality of
elements from being released, e.g. into the face of a
wearer of the helmet, when the impact mitigating struc-
ture is subject to an impact. Thus preferably the retaining
structure at least partially encapsulates and/or surrounds
the plurality of elements. The retaining structure may
surround the plurality of elements on one side, with the
first or the second layer surrounding the plurality of ele-
ments on the other side. Thus, for example, the retaining
structure may be arranged to retain the plurality of ele-
ments against the first or the second layer. Preferably the
retaining structure extends over at least a portion of the
first layer or the second layer, e.g. to retain the plurality of
elements against the first layer or the second layer re-
spectively.
[0066] In some embodiments the retaining structure
substantially fully encapsulates and/or surrounds the
plurality of elements. This helps to prevent the plurality

of elements from being released when the impact miti-
gatingstructure is subject to an impact, andmayallow the
retaining structure including the plurality of elements to
be manufactured as a separate component.
[0067] When the retaining structure at least partially
(e.g. substantially fully) encapsulates and/or surrounds
the plurality of elements, preferably the retaining struc-
ture is configured to allow the first and/or second layers to
engage with at least some (e.g. all) of the plurality of
elements (e.g. through the (e.g. retaining layer(s) of the)
retaining structure) when the impact mitigating structure
is subject to an impact (e.g. having a force that is greater
than or equal to the particular (e.g. tangential) force).
[0068] Preferably the retaining structure comprises
two layers, wherein the plurality of elements are retained
(e.g. sandwiched) between the two layers of the retaining
structure. Thus, preferably, the retaining structure com-
prises a first retaining layer between the plurality of ele-
ments and the first layer of the impact mitigating struc-
ture, and a second retaining layer between the plurality of
elements and the second layer of the impact mitigating
structure.
[0069] The two layers of the retaining structure are
preferably joined (e.g. sealed) together around (e.g. their
perimeter and) the plurality of elements, e.g. by an ad-
hesive, heat pressing or ultrasonic welding. Thus, the
retaining structure may take the form of a pouch or bag
that contains (and retains) the plurality of elements.
[0070] In some embodiments, the impact mitigating
structure comprises both a support structure (e.g. ar-
ranged to hold the plurality of elements in the particular
arrangement) and a retaining structure (e.g. arranged to
retain theplurality of elementswhen the impactmitigating
structure is subject to an impact). For example, the sup-
port structure may hold the plurality of elements (e.g. in
the particular arrangement) and the retaining structure
may retain the support structure on the first or second
layer.
[0071] Preferably the plurality of elements of the reac-
tive layer are configured to be released from the (e.g.
particular arrangement of the) reactive layer (e.g. from
the particular arrangement, e.g. from the support struc-
ture and/or within the retaining structure) when the re-
active layer is subject to an impact, to facilitatemovement
of the reactive layer and the impact absorbing layer with
respect to each other. In some embodiments the move-
ment of the reactive layer and the impact absorbing layer
with respect to each other simply comprises the plurality
of elements rolling (e.g. in a fixed location) but preferably
comprises displacement of one or more (e.g. all) of the
plurality of elements (e.g. from the particular arrange-
ment), the support structure and the retaining structure of
the reactive layer, with respect to the impact absorbing
layer.
[0072] The plurality of elements may be attached to,
embedded and/or encased in the support structure an-
d/or the retaining structure such that the plurality of ele-
ments are held in a particular arrangement. Preferably
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the support structure and/or the retaining structure is
arranged to maintain the plurality of elements in the
particular arrangement unless (and until) the impact mi-
tigating structure is subject to a force which is greater
than or equal to the particular force.
[0073] In some embodiments, the support structure
and/or the retaining structure is formed by (e.g. a portion
or features of) the first layer and/or the second layer, e.g.
that are complementary to the plurality of elements. The
first layer and/or the second layer may comprise (e.g.
together provide) the support structure and/or the retain-
ing structure (e.g. a housing or (e.g. flexible) layer) which
holds the plurality of elements in the particular arrange-
ment, e.g. (sandwiched) between the first and second
layers. In a set of embodiments, the first layer and/or the
second layer may be arranged such that the plurality of
elements are disrupted (when the impact mitigating
structure is subject to an impact) by the (e.g. support
structureof the) first layerand/or thesecond releasing the
plurality of elements from (being contained by or be-
tween) the (e.g. housing formed by the) first layer and/or
the second layer.
[0074] In a set of embodiments, the reactive layer
comprises a support structure (e.g. separate from the
first layer and the second layer) arranged to hold the
plurality of elements in the particular arrangement. In
these embodiments, preferably the support structure is
held (e.g. sandwiched) between the first layer and the
second layer.Thesupport structuremaybeheldbetween
the first layer and the second layer in any suitable and
desired way. For example, the support structure may
simply be sandwiched (e.g. held by friction) between
the first and second layers. In some embodiments the
support structure is attached to the first layer and/or the
second layer, e.g. by an adhesive or by bonding.
[0075] In a set of embodiments, the support structure
(whether as part of the first layer, the second layer or the
reactive layer) comprises a plurality of locating points
arranged tohold theplurality of elements (respectively) in
the support structure, e.g. in the particular arrangement.
In one embodiment, the (e.g. plurality of locating points of
the) support structure comprises a plurality of recesses
(e.g. in the surface of the support structure). The plurality
of recesses may be formed by a plurality of projections
from the surface of the support structure.
[0076] Preferably each of the plurality of recesses is
arranged to hold a respective element of the plurality of
elements in a particular (e.g. fixed) location (i.e. in the
recess) such that the plurality of elements are held in the
support structure, e.g. in the particular arrangement.
Thus preferably the plurality of recesses are arranged
to allow the plurality of elements to roll, e.g. to release the
plurality of elements from the (e.g. particular arrange-
ment in the) support structure,when the impactmitigating
structure is subject to an impact. Preferably the plurality
of recessesarearranged toallow theplurality of elements
translate (e.g. be displaced) and/or rotate freely to roll,
when the impact mitigating structure is subject to an

impact.
[0077] In one embodiment the (e.g. plurality of locating
points of the) support structure comprises a plurality of
connectors for connecting the plurality of elements to the
support structure to hold the plurality of elements in the
(e.g. particular arrangement in the) support structure.
Preferably each element of the plurality of elements is
connected to a respective connector of the plurality of
connectors. Preferably the plurality of elements are ar-
ranged to disconnect (e.g. separate or break) from the
plurality of connectorswhen the (e.g. second layer of the)
impact mitigating structure is subject to an impact, such
that the plurality of elements are able to roll and/or, e.g.,
are disrupted (e.g. released) from the particular arrange-
ment, e.g. such the plurality of elements can translate
(e.g. be displaced) and/or rotate freely.
[0078] Asdiscussedabove, in someembodiments, the
plurality of elements comprise plural discrete elements,
e.g. when held in the (e.g. particular arrangement in the)
support structure (and when released from the particular
arrangement). However, in some embodiments the plur-
ality of elements are connected (e.g. integrally) to the
plurality of connectors and thus, for example, to the
support structure.
[0079] The plurality of connectors may comprise a
plurality of projections from the surface of the support
structure, to which the plurality of elements are con-
nected. In one embodiment the plurality of elements
are attached (e.g. impregnated or bonded) directly to
the (e.g. support structure of the) first layer and/or the
second layer. Thus, for example, the plurality of elements
may be formed (e.g. directly, integrally) on the first layer
and/or the second layer. Preferably the plurality of ele-
ments are arranged to disconnect (e.g. separate or
break) from the (e.g. support structure of the) first layer
and/or the second layer when the (e.g. second layer of
the) impact mitigating structure is subject to an impact,
such that the plurality of elements are allowed to roll (e.g.
be disrupted (e.g. released) from the (e.g. particular
arrangement in the) support structure. In these embodi-
ments the plurality of elements may be disrupted by the
force of the impact overcoming (e.g. breaking) the che-
mical and/or physical bond between the plurality of ele-
ments and the (e.g. support structure of the) first layer
and/or the second layer.
[0080] In one embodiment the support structure com-
prises a rigid structure, e.g. formed from a (e.g. thermo)
polymer. This may be the same material from which the
first layer and/or second layer (or, e.g., a coating thereof)
is formed.
[0081] In one set of embodiments the support structure
(e.g. of the reactive layer) comprises a flexible or com-
pressible layer, such as a gel, a foam or an adhesive. For
example, theplurality of elementsmaybe impregnatedor
embedded in a gel, a foam or an adhesive to hold the
plurality of elements in the (e.g. particular arrangement in
the) support structure. The flexible or compressible layer
preferably has a thickness that is greater than the (e.g.
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maximum) dimension of the plurality of elements, e.g. a
thicknessbetween0.1mmand5mm,e.g. between1mm
and 4 mm, e.g. between 2 mm and 3 mm.
[0082] In one set of embodiments, the retaining struc-
ture comprises a flexible (e.g. polymer, textile or metal)
layer (such as a wrapping or retaining layer) formed over
or around the plurality of elements to hold the plurality of
elements in the (e.g. particular arrangement in the) re-
taining structure. In one set of embodiments, the retain-
ing structure comprises two flexible (e.g. polymer, textile
or metal) retaining layers that substantially fully encap-
sulate and/or surround the plurality of elements. The
flexible layer(s) may hold the support structure (itself
holding the plurality of elements) in the impact mitigating
structure.
[0083] The flexible (e.g. textile) layer(s) may comprise
a flexible material such as fabric, mesh, textile or cloth.
When the flexible layer(s) has one or more (preferably a
plurality of) holes therein (e.g. in a mesh or textile),
preferably the dimension(s) of (each of) the one or more
holes is less than the dimension(s) of (each of) the
plurality of elements, preferably such that the plurality
of elements do not pass through the hole(s) of the flexible
layer(s). This helps to retain the plurality of elements
within the retaining structure. The flexible or compressi-
ble layer(s) preferablyhasa thickness that is less than the
(e.g. maximum) dimension of the plurality of elements,
e.g. a thickness less than 2mm, e.g. less than 1mm, e.g.
less than 0.5 mm, e.g. less than 0.1 mm.
[0084] When the plurality of elements are held in place
(during normal use) by a gel, a foam or an adhesive,
preferably the plurality of elements are configured to be
released from the gel, foam or adhesive when the impact
mitigating structure is subject to an impact, e.g. above a
particular (threshold) force. Preferably the plurality of
elements are configured to be released from the gel,
foam or adhesive by rolling (e.g. away from the gel, foam
or adhesive), e.g. rather than a bondwith the gel, foam or
adhesive being ruptured.
[0085] The way in which the plurality of elements are
held in placemaybe configured so to release the plurality
of elements when the impact mitigating structure is sub-
ject to an impact (e.g. havinga force that is greater thanor
equal to the particular force). Preferably the plurality of
elementsare (e.g. each) held in place (e.g. to oneormore
other surfaces, layers and/or other components of the
impact mitigating structure) by a bond (e.g. adhesive),
wherein one or more (e.g. all) of the plurality of elements
are configured to be released from the respective bonds
(e.g. when the impactmitigating structure is subject to an
impact having a force that is greater than or equal to the
particular force) by peeling away from the respective
bonds.
[0086] For example, the one or more connectors (that
are attached to one or both of the first inner layer and the
second outer layer, and preferably connect the first inner
layer to the second outer layer) may comprise a plurality
of elements and/or the manner in which they are held in

place. Thus preferably the plurality of elements are at-
tached to one or both of the first inner layer and the
second outer layer by respective (e.g. adhesive) bonds,
wherein the one or more (e.g. all) of the plurality of
elements and/or the respective bonds are configured
to peel away from the first inner layer and/or the second
outer layer, when the impact mitigating structure is sub-
ject to an impact (e.g. havinga force that is greater thanor
equal to the particular force).
[0087] Preferably the (peeling of the) one or more
connectors are configured to release one or both of the
first inner layer and the second outer layer from the
connectors, and thus from each other, when the impact
mitigating structure is subject to an impact (e.g. having a
force that is greater than or equal to the particular force).
Preferably the one or more connectors are configured to
release by rotating, e.g. the one or more connectors are
configured to be rotated by the impact. In one embodi-
ment the one or more connectors comprise an hourglass
shape.
[0088] Preferably, the flexible layer(s) of the retaining
structure is arranged to stretch (e.g. in a tangential direc-
tion) when the impact mitigating structure is subject to an
impact. This may help to prevent tearing of the flexible
layer(s) in an impact and thus helps to retain the plurality
of elements within the retaining structure. Thus prefer-
ably the flexible layer(s) of the retaining structure is ar-
ranged to not to tear, fracture, rupture and/or break (i.e.
remain intact), when the impact mitigating structure is
subject to an impact, so as to retain the plurality of
elements therein.
[0089] The flexible layer(s) may be arranged to stretch
elastically (and thusbe arranged to return substantially to
its original shape after being stretched) or the flexible
layer(s) may be arranged to stretch plastically (and thus
be arranged not to return to its original shape after being
stretched).
[0090] Thus, preferably, the support structure and/or
the retaining structure is arranged to recover substan-
tially to its original shape and/or position after the impact
mitigating structure is subject to an impact.
[0091] In some embodiments, the flexible layer(s) of
the retainingstructure is arranged to tearwhen the impact
mitigating structure is subject to an impact, e.g. above a
particular (threshold) force. The flexible layer(s) may be
arranged to tear after stretching (e.g. after certainamount
of stretching) or the flexible layer(s) may be arranged to
tear substantially without stretching (e.g. in a tangential
direction).
[0092] The (e.g. flexible layer(s) of the) retaining struc-
ture may be attached to the remainder of the impact
mitigating structure in any suitable and desired way. In
one embodiment the retaining structure is attached to the
same part of the impact mitigating structure as the part of
the impact mitigating structure adjacent the reactive
layer. Thus, for example, when the reactive layer is
adjacent the first layer and/or the second layer (and,
e.g., comes into contact with the first layer and/or the
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second layer respectively, e.g. when the impact mitigat-
ing structure is subject to an impact), preferably the
retaining structure is attached to the first layer and/or
the second layer respectively.
[0093] In one embodiment, the retaining structure is
attached to the part of the impactmitigating structure that
is on the opposite side of the retaining structure from the
plurality of elements, e.g. the part of the impactmitigating
structure adjacent the retaining structure. Thus, for ex-
ample, when the retaining structure is adjacent the first
layer and/or the second layer, preferably the retaining
structure is attached to the first layer and/or the second
layer respectively of the impact mitigating structure.
When the retaining structure comprises first and second
retaining layers between the plurality of elements and the
first and second layers respectively of the impact mitigat-
ing structure, preferably the first and/or second retaining
layers are attached to the first layer and/or the second
layer respectively of the impact mitigating structure.
[0094] The retaining structure may (e.g. instead of or
as well) be attached to the impact absorbing layer (e.g.
through or via a harder outer layer).
[0095] The retaining structure may be bonded to the
remainder of the impact mitigating structure, e.g. to any
suitable and desired part thereof. The retaining structure
maybebondedbyultrasonicweldingorheat pressing, for
example.
[0096] The retaining structure may be clamped to the
remainder of the impactmitigating structure, e.g. the (e.g.
flexible layer of the) retaining structure may be clamped
between the first and second layers, or between the first
(or second) layer and the impact absorbing layer. The
retaining structure may be integrally formed with the
remainder of the impact mitigating structure, e.g. the
(e.g. flexible layer of the) retaining structure may be
integrally formed with one or more of the first layer, the
second layer and the impact absorbing layer.
[0097] The retaining structure may be attached to the
remainder of the impact mitigating structure by an ad-
hesive, e.g. the (e.g. flexible layer(s) of the) retaining
structure may be attached to the first and/or second
layers of the impact mitigating structure by an adhesive.
When the retaining structure comprises oneormore (e.g.
flexible) retaining layers, the retaining layer(s) may be
attached to the rest (e.g. the first and/or second layers) of
the impact mitigating structure during the assembly pro-
cess of manufacturing the impact mitigating structure.
For example, the various components of the (e.g. reac-
tive layer of the) impact mitigating structure may be
assembled and then attached together, such that the
retaining layer is secured (by any suitable and desired
means) to the remainder of the impact mitigating struc-
ture.
[0098] The retaining structure may be attached to the
remainder of the impact mitigating structure by one or
more fasteners, e.g. that fasten the retaining structure to
one or more of the first layer, the second layer and the
impact absorbing layer. The retaining structure may be

attached to the remainder of the impact mitigating struc-
ture via one or more (e.g. interlinked) notches and/or
protrusions in the remainder of the impact mitigating
structure. For example, the retaining structure may be
attached to one ormore of the first layer, the second layer
and the impact absorbing layer via one or more notches
and/or protrusions in these layers. Twoormoreof the first
layer, the second layer and the impact absorbing layer
may comprise complementary notch(es) and protru-
sion(s) (e.g. that extend into the notch(es) respectively)
between which the retaining structure is secured.
[0099] When the impactmitigating structure comprises
a first layer, a second layer and a retaining structure, for
example, the first and second layers may be attached to
each other directly, the first and second layers may be
attached to each other via an intermediate component,
and/or the first and second layers may be attached to
each other via the (e.g. retaining structure of the) reactive
layer.
[0100] In one set of embodiments the first and second
layers are attached to each other directly, e.g. by heat
pressing, ultrasonic welding or an adhesive.
[0101] In one set of embodiments the first and second
layers are attached to each other via an intermediate
component, e.g. by one or more struts and/or spacers
that extend between the first and second layers. In one
embodiment the strut(s) and/or spacer(s) are compres-
sible and are preferably configured to be compressed
when the impact mitigating structure is subject to an
impact, e.g. such that the first and/or second layers
contact at least some (e.g. all) of the plurality of elements
(e.g. when the impactmitigating structure is subject to an
impact having a force that is greater than or equal to the
particular force).
[0102] Thus preferably the (e.g. strut(s) and/or
spacer(s) are sized such that) the first and second layers
are spaced from each other by a distance that is greater
than the corresponding dimension of the plurality of ele-
ments, at least over the area over which the plurality of
elements are distributed, e.g. the strut(s) and/or
spacer(s) are arranged to space the first and/or second
layers from the plurality of elements. The first and second
layersmay be spaced fromeach other (e.g. at the strut(s)
and/or spacer(s)) by any suitable and desired distance,
e.g. between 1 mm and 5 mm, e.g. between 2 mm and 4
mm, e.g. approximately 3 mm.
[0103] Spacing the first and second layers from each
other by more than the size of the plurality of elements
helps to reduce the friction between the first and/or
second layers and the plurality of elements. Providing
a strut or spacer to attach the first and second layers to
eachother, while spacing the first and second layers from
each other at and around these attachment points, also
helps to reduce the friction between the first and second
layers at or near to these attachments points (e.g. where
there may not be any of the plurality of elements in the
immediate vicinity), when the impact mitigating structure
is subject to an impact. Thismayhelp to reduce the risk of
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geometric locking between the first and second layers,
when they move relative to each other when the impact
mitigating structure is subject to an impact.
[0104] The strut(s) and/or spacer(s), when compres-
sible, may be formed from foam (e.g. foam tape), for
example. The foam tape may be arranged to peel away
from the first and/or second layer, when the impact mi-
tigating structure is subject to an impact (e.g. having a
force that is greater than or equal to the particular force).
Thepeelingof the foam tape (asopposed, for example, to
the foam tape shearing)may help to control the particular
force at which the first and second layers are displaced
relative to each other to disrupt the plurality of elements.
[0105] In oneembodiment thestrut(s) and/or spacer(s)
are (e.g. hinged and) arranged to pivot (e.g. at either or
both ends where they attach to the first and second
layers) when the impact mitigating structure is subject
to an impact. This helps to allow the (e.g. retaining and/or
support structure of the) reactive layer to move across
and/or between the (e.g. doubly curved) surface(s) of the
first and/or second layers.
[0106] Preferably at least part of the (e.g. retaining
and/or support structure of the) reactive layer is flexible,
e.g. the (e.g. retaining and/or support structure of the)
reactive layer comprises one ormore hinge lines extend-
ing across at least part (e.g. all) of the (e.g. retaining
and/or support structure of the) reactive layer. Preferably
the (e.g. retaining and/or support structure of the) reac-
tive layer is arranged to bend at at least some (e.g. all) of
the one or more hinge lines, when the impact mitigating
structure is subject to an impact. This may help the (e.g.
retaining and/or support structure of the) reactive layer to
flex, in an impact, so that it conforms to the (e.g. doubly
curved) surface(s) of the first and/or second layers as
they move relative to each other.
[0107] The hinge lines in the reactive layer may com-
prise a sprung (e.g. crimped) portion of the reactive layer,
e.g. of the (e.g. flexible layer(s) of the) retaining structure.
This may allow the reactive layer to extend (stretch) as
well as flex, when the impact mitigating structure is sub-
ject to an impact.
[0108] Preferably the strut(s) and/or spacer(s) are con-
figured (e.g. have a thickness or diameter) such that the
plurality of elements roll over the strut(s) and/or spacer(s)
when the strut(s) and/or spacer(s) pivot when the impact
mitigating structure is subject to an impact.
[0109] In one embodiment the first and second layers
are attached to each other at one or more points around
(e.g. outside of) the perimeter of the (e.g. retaining struc-
ture of the) reactive layer. In one set of embodiments, the
first and second layers are attached to each other (e.g. at
one ormore points) via the (e.g. retaining structure of the)
reactive layer, e.g. away from the perimeter of the (e.g.
retaining structure of the) reactive layer. In some embo-
diments the first and second layers are attached to each
other both around the perimeter of and via the reactive
layer.
[0110] The point(s) at which the first and second layers

are attached to each other may comprise discrete
(spaced apart) point(s) and/or continuous point(s) (e.g.
extending along a line). These line(s) may, for example,
define separate regions of the reactive layer.
[0111] In some embodiments, the strut(s) and/or
spacer(s) extend through the (e.g. retaining structure
of the) reactive layer. In some embodiments the one or
more points at which the first and second layers are
attached to each other correspond to, or are located
on, the one or more hinge lines of the reactive layer.
Thus, preferably the strut(s) and/or spacer(s) extend
through the one or more hinge lines of the (e.g. retaining
structure of the) reactive layer.
[0112] The attachment of the first and second layers to
each other, e.g. via the strut(s) and/or spacer(s), may
define the hinge line(s) of the (e.g. retaining structure of
the) reactive layer. Thus, in some embodiments, the
strut(s) and/or spacer(s) are arranged to pivot on, and
the (e.g. retaining structure of the) reactive layer is ar-
ranged to bend at, the hinge line(s) of the (e.g. retaining
structure of the) reactive layer.
[0113] While a single support structure and/or a single
retaining structure may be used to hold the plurality of
elements, e.g. in the particular arrangement, in a set of
embodiments the impact mitigating structure comprises
a plurality of (e.g. discrete) support structures and/or a
plurality of (e.g. discrete) retaining structures, each ar-
ranged to hold a plurality of elements in (e.g. a respective
particular arrangement in) the respective support struc-
ture and/or retaining structure. This may help to increase
the particular force required to disrupt the plurality of
elements or may help to allow only some of the plurality
of elements to be disrupted at a time (e.g. depending on
the nature of the impact). This may help to control the
magnitude of the particular force that is necessary to
disrupt the plurality of elements or to control the move-
ment of the first and second layers relative to each other
to be localised to the location of the impact.
[0114] Thus, the reactive layer may comprise a plur-
ality of discrete portions, each comprising a plurality of
elements and, e.g., a respective support and/or retaining
structure. The discrete portions of the reactive layer may
be defined (and delineated) by the one or more hinge
lines of the reactive layer. One or more (e.g. all) of the
discrete portions of the reactive layer, and of the support
and/or retaining structures may comprise any or each of
the preferred and optional features outlined herein with
respect to the individual reactive layer, support and/or
retaining structure.
[0115] When the (e.g. second layer or reactive layer of
the) impact mitigating structure is subject to an impact
(e.g. that is greater than or equal to the particular force),
the (e.g. particular arrangement of the) plurality of ele-
mentsmaybeconfigured to roll (e.g. bedisrupted toallow
them to roll) in any suitable and desirable manner to
facilitate the movement of the first layer and the second
layer (or the reactive layer)with respect to the eachother,
e.g. depending on how the plurality of elements are held,
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e.g. in the particular arrangement, the support structure
and/or the retaining structure, according tooneormoreof
the embodiments described herein.
[0116] In a set of embodiments, the support structure is
arranged to break (e.g. fracture and/or disintegrate)
when the (e.g. second layer or reactive layer of the)
impact mitigating structure is subject to an impact, e.g.
having a force that is greater than or equal to the parti-
cular (e.g. threshold) force. Preferably the plurality of
elements are arranged to be released from the particular
arrangement (e.g. and thus free to move) when the
support structure breaks. Preferably the plurality of ele-
ments are arranged to move freely (e.g. translate and/or
rotate) when they are disrupted (e.g. released) from the
particular arrangement, to enable the first layer and the
second layer to move (e.g. slide) with respect to each
other (or the first layer relative to the reactive layer).
[0117] In one embodiment one or more (e.g. all) of the
plurality of elements are connected together (e.g. com-
prise connectors extending therebetween), e.g. in, as
part of, in addition to or instead of the support structure
and/or the retaining structure. In one embodiment one or
more (e.g. all) of the plurality of elements is connected to
one or more (e.g. all) of the other(s) of the plurality of
elements. Thus, for example, pairs of elements may be
connected, a (e.g. linear) string of elements may be
connected, or a (two dimensional or three dimensional)
web or array of elements may be connected.
[0118] The one or more (e.g. all) of the plurality of
elements may be connected together in any suitable
and desired way. In one embodiment the elements are
connected together by one or more of string(s), cord(s),
thread(s), spring(s), tape(s), webbing, mechanical fix-
ture(s) (e.g. latch, hook or gate) and rod(s). The connec-
tion(s) between the elements may be one or more of:
flexible, rigid, plastic, elastic, brittle and frangible. Thus
the connection(s) between the elements may be config-
ured to do one or more of stretch, deform, detach, frac-
ture, snap and rupture, when the impact mitigating struc-
ture is subject to an impact, e.g. exceeding a threshold.
Preferably this acts to release the plurality of elements
when the impact mitigating structure is subject to an
impact.
[0119] In some embodiments the connection(s) be-
tween the elements are configured to remain intact
(e.g. one or more of not stretch, deform, fracture, snap
or rupture)when the impactmitigating structure is subject
to an impact. In these embodiments the plurality of ele-
ments may be configured to be released (e.g. from the
particular arrangement) in adifferentway, e.g. frombeing
released from the support structure, within the retaining
structure or, e.g., from a connection to the first and/or
second layer.
[0120] The connection(s) between the elements may
be taut (and, e.g., not able to be extended) or slack (and,
e.g., able to be extended, e.g. tightened, e.g. when the
impact mitigating structure is subject to an impact). Hav-
ing the connection(s) taut or slackmay help to control the

(e.g. tensile) force at which the connection(s) stretch,
deform, fracture, snap or rupture, when the impact miti-
gating structure is subject to an impact.
[0121] In some embodiments the connection(s) be-
tween the elements extend through or are connected
to one or more of the other components (e.g. layers) of
the impact mitigating structure. The connection(s) be-
tween the elements may be configured to be at least
partially released from theother components (e.g. layers)
of the impact mitigating structure, when the impact miti-
gating structure is subject to an impact, e.g. exceeding a
threshold, e.g. in addition to the connection(s) between
the elements being configured to do one or more of
stretch, deform, fracture, snap and rupture. In some
embodiments the connection(s) between the elements
maybeconfigured tobeat least partially retained through
or being connected to one or more of the other compo-
nents (e.g. layers) of the impact mitigating structure,
when the impact mitigating structure is subject to an
impact, e.g. exceeding a threshold.
[0122] In one embodiment one or more (e.g. all) of the
plurality of elements are configured to be at least partially
retained by the support structure, when the impact miti-
gating structure is subject to an impact, e.g. exceeding a
threshold. In this embodiment, preferably theoneormore
(e.g. all) of the plurality of elements are configured to roll
relative to (e.g. at least partially within) the support struc-
ture. For example, the support structure may comprise a
housing for one or more (e.g. all) of the plurality of ele-
ments,wherein theplurality of elements are configured to
roll relative to (e.g. at least partially within) the housing.
[0123] Preferably one or more portions of the one or
more (e.g. all) of the plurality of elements is exposed (e.g.
protrudes from) the (e.g. housing of the) support struc-
ture, wherein the exposed portion(s) of the one or more
(e.g. all) of the plurality of elements is configured to
contact (and, e.g., roll against) one or both of the first
layer and the second layer.
[0124] The first layer and the second layer may, for
example, be designed to perform different (or similar)
functions in the impact mitigating structure. In a set of
embodiments, one or both of the first layer and the
second layer comprises an impact (energy) absorbing
layer. In at least preferred embodiments, such an impact
absorbing layer is designed to provide a degree of pro-
tection against bulk forces exerted in an impact. Thus
preferably, the impact absorbing layer is arranged to
absorb at least a portion of the normal component of
the forces exerted on the impact mitigating structure
during an impact.
[0125] The impact absorbing layer(s) (the first and/or
second layer) may be formed from any suitable and
desired material, such as expanded polystyrene
(EPS). In a preferred set of embodiments, the impact
absorbing layer(s) (the first and/or second layer) com-
prisesahollowcell structure, e.g. comprisingaplurality of
hexagonal cells (in cross section). Preferably, at least a
plurality of the cells tessellate with each other. For ex-
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ample, the impact absorbing layer(s) (the first and/or
second layer) may comprise a micro-truss lattice or an
out-of-plane honeycomb.
[0126] Preferably, the impact absorbing layer com-
prises a hard coating or layer (e.g. shell) on the surface
(of the first and/or second layer) between which (e.g. in
contact with) the reactive layer is positioned, e.g. having
(approximately) the same hardness as the plurality of
elements. Preferably the coating or layer has a hardness
greater than the hardness of the first and/or second layer
(e.g. the impact absorbing layer) on which the coating or
layer is provided. For example, the impact absorbing
layer may be coated in (or have attached to it) a poly-
carbonate layer (which may, for example, be harder than
thematerial of the impact absorbing layer). Thismayhelp
the plurality of elements to roll, and thus the impact
absorbing layer to move relatively to the reactive layer,
first layer and/or second layer (as applicable).
[0127] When the impactmitigating structure comprises
a support structure or a retaining structure, preferably the
support structure or the retaining structure is arranged to
hold the plurality of elements (e.g. in the support struc-
ture) adjacent (e.g. against) the first or second layer.
Preferably, the support structure or retaining structure
is attached to the first or second layer such that the
support structure or retaining structure holds the plurality
of elements (e.g. in the support structure) adjacent (e.g.
against) the first or second layer respectively.
[0128] The shell layer, the impact absorbing layer, the
support structure or the retaining structure, and the plur-
ality of elementsmaybearranged relative toeachother in
any suitable and desired way, e.g. in accordance the
embodiments outlined herein.
[0129] In some embodiments the retaining or support
structure and the plurality of elements are between the
impact absorbing layer and the shell layer. In some
embodiments the shell layer is attached to or comprises
part of the impact absorbing layer, e.g. as an (inner or
outer) layer or coating of the impact absorbing layer, and
the support or retaining structure and the plurality of
elementsareon the insideor theoutsideof theshell layer.
[0130] In some embodiments, the support structure or
retaining structure is the innermost or outermost part of
the impact mitigating structure. In some embodiments,
the impact mitigating structure comprises an additional
(e.g. inner or outer) layer,wherein the retainingor support
structure and the plurality of elements are between the
additional layer and the shell layer. Thus, in these embo-
diments, the additional layer may be the innermost or
outermost part of the impact mitigating structure. The
additional layer preferably comprises a thin and/or hard
(e.g. shell) layer. Preferably this additional layer com-
prises the second layer as outlined herein. In such em-
bodiments, the optional and preferable features outlined
herein in relation to the second layermay apply equally to
the additional layer.
[0131] In a set of embodiments, the second layer com-
prises a flexible (e.g. metal, polymer and/or textile) layer.

Thus, in someembodiments, thesecond layermayact as
the retaining or support structure for the plurality of ele-
ments of the reactive layer. In such embodiments, the
optional and preferable features outlined herein in rela-
tion to the retaining or support structure may apply
equally to the second layer.
[0132] In a set of embodiments, the second layer com-
prisesa (e.g. resilient, hard) outer shell.When thesecond
layer comprises an impact absorbing layer, the impact
mitigating structure may comprise an (additional) outer
shell, wherein the second layer is arranged (e.g. sand-
wiched) between the reactive layer and the outer shell.
When the impact mitigating structure comprises an addi-
tional outer shell, it is theouter shell thatmaybesubject to
an impact (such that the second layer experiences (is
subject to) the impact via the outer shell).
[0133] Preferably the outer shell has a thickness that is
(e.g. significantly) less than a thickness of the first layer.
When the impact mitigating structure comprises a sec-
ond layer and an outer shell, preferably the outer shell
has a thickness that is (e.g. significantly) less than a
thickness of the second layer. The outer shell may thus
comprise a membrane, e.g. at least partly covering the
reactive layer and/or the second layer (as appropriate).
Preferably the membrane comprises a double layer, e.g.
covering (encasing) both sides of the (e.g. plurality of
elements of the) reactive layer.
[0134] Preferably the outer shell is formed from a rigid
material, such as a thermoplastic, e.g. polycarbonate, or
carbonfibre, oracompositematerial; however, it couldbe
made from any suitable and desired material. Preferable
materials for forming the outer shell have high strength to
weight ratios.
[0135] Preferably, the surfaces of the first layer and the
second layer, between which the reactive layer is posi-
tioned, and, e.g., theouter shell whenprovided, comprise
low friction surfaces, e.g. having a (relatively) large sur-
face area. For example, one or more (e.g. all) of the first
layer, the second layer and, e.g., the outer shell comprise
a low friction coating and/or formed from a low friction
(e.g. self-lubricating) material, at least on their adjacent
surfaces. Preferably the surfaces also have a large re-
lative overlap. Low friction surfaces and large relative
overlap may help the first layer, the second layer and the
reactive layer (and, e.g., the outer shell) to move relative
to each other, when subject to an impact.
[0136] In one embodiment the impact mitigating struc-
ture comprises a low friction interface (e.g. layer) be-
tween one or more (e.g. all) of the first layer, the second
layer and the plurality of elements. The low friction inter-
face may be provided by one or more (e.g. all) of a (low
friction) material of the first layer, the second layer and/or
the plurality of elements, a (low friction) coating of the first
layer, the second layer and/or the plurality of elements,
and/or an additional (low friction) layer between one or
more (e.g. all) of the first layer, the second layer and the
plurality of elements.
[0137] The low friction interface may be arranged be-
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tween (substantially) all of the first layer and the second
layer, e.g. at all regions where there is the reactive layer
andaplurality of elements. In someembodiments the low
friction interface and/or the plurality of elements are
provided in one or more discrete regions between the
first and second layers (and, e.g., not provided in other
region(s) between the first and second layers). The re-
gion(s) over which the low friction interface and/or the
plurality of elements are provided may at least partially
correspond to each other (e.g. at least partially overlap)
or the region(s) over which the low friction interface
and/or the plurality of elements are provided may be
distinct from each other (e.g. not overlap).
[0138] Preferably, the surfaces of the first layer and the
second layer, between which the reactive layer is posi-
tioned, comprise hard surfaces, e.g. having (approxi-
mately) the same hardness as the plurality of elements.
For example, one or more (e.g. all) of these surface(s) of
the first layer, the second layer (and, e.g., the outer shell)
comprise a hard (e.g. polycarbonate) coating (or addi-
tional layer attached thereto) and/or are formed from a
hard material (e.g. polycarbonate), at least on their ad-
jacent surfaces. The hard shell(s) (e.g. layer(s)) may be
provided between the first layer and/or the second layer,
and the reactive layer, e.g. as opposed to the first and/or
second layers comprising a coating or being formed from
a hard material. Hard surfaces (e.g. having (approxi-
mately) the same hardness as the plurality of elements)
may help the first layer, the second layer and the reactive
layer to move relative to each other, when subject to an
impact.
[0139] In a set of embodiments, the second layer (e.g.,
or, outer shell) is designed to absorb (e.g. carry away) at
least a portion of any rotational forces exerted in an
impact. In a preferred embodiment, when the second
layer (e.g., or, outer shell) is subject to an impact (e.g.
having a force that is greater than or equal to the parti-
cular force), the disruption (e.g. movement) of the plur-
ality of elements allows the second layer to translate (e.g.
slide) over the first layer (e.g. with the plurality of ele-
ments moving therebetween). Preferably the plurality of
elements are arranged to rotate, which may help the
second layer to translate (e.g. slide) over the first layer
with reduced resistance.
[0140] The second layer (e.g., or, outer shell) may be
arranged to resist fracturing during an impact (e.g. ex-
ceeding the threshold force). However, in some embodi-
ments, the second layer (e.g., and/or, outer shell) is ar-
ranged to fracture during an impact (e.g. having a force
that is greater than or equal to the particular force), for
example if the second layer (e.g., and/or, outer shell) is
(e.g. relatively) thin and/or rigid.
[0141] Thefirst layerand thesecond layer (e.g., and/or,
outer shell) are arranged to (e.g. completely) separate
when the impact mitigating structure is subject to an
impact (e.g. having a force that is greater than or equal
to the particular force), e.g. to allow continuedmovement
of the layers relative to each other. Preferably the (e.g.

second) outer layer is arranged to detach from the re-
mainder of the impactmitigating structure (so that the can
no longer transfer any energy to the remainder of the
impact mitigating structure) when the impact mitigating
structure is subject toan impact (e.g. havinga force that is
greater than or equal to the particular force).
[0142] Thus preferably the outer layer is attached to
remainder of the impact mitigating structure, such that
the outer layer is configured to detach from the remainder
of the impact mitigating structure when the impact miti-
gating structure is subject to an impact (e.g. having a
force that is greater than or equal to the particular force).
Preferably the reactive layer and/or the outer layer are
configured such that the outer layer moves substantially
freely away from the remainder of impact mitigating
structure after the outer layer has detached from the
impact mitigating structure. This helps to deflect the
impact from the remainder of the impact mitigating struc-
ture (e.g. that is attached to the head of a wearer) and
reduce the chance of geometric locking of the outer layer
on the remainder of the impact mitigating structure, so
that the energy of the impact that is transferred to the
remainder of the impact mitigating structure is reduced.
[0143] When the impactmitigating structure comprises
a retaining structure, e.g. attached to the outer layer,
preferably the outer layer is configured to detach from
the (e.g. (second) retaining layer of the) retaining struc-
ture when the impact mitigating structure is subject to an
impact (e.g. having a force that is greater than or equal to
the particular force). This helps to allow the outer layer to
separate from the remainder of the impact mitigating
structure, while the retaining structure may remain intact
and thus retain the plurality of elements, in an impact.
[0144] Thus, in someembodiments the retaining struc-
ture is arranged to remain attached to (part of) the re-
mainder of the impact mitigating structure (e.g. to the
(first) inner layer), when the impactmitigating structure is
subject to an impact (e.g. having a force that is greater
than or equal to the particular force), e.g. when the outer
layer detaches from the remainder of the impact mitigat-
ing structure.
[0145] In some embodiments, e.g. when the retaining
structure comprises one ormore flexible layers, the outer
layer is arranged to (e.g. stretch and/or deform and)
remain attached to the remainder of the impactmitigating
structure (e.g. including to the (e.g. (second) retaining
layer of the) retaining structure) when the outer layer is
displaced relative to the remainder of the impact mitigat-
ing structure by less than a particular (threshold) dis-
tance, e.g. during a first phase of an impact. Preferably
the outer layer is configured to detach from the (e.g.
(second) retaining layer of the) retaining structure when
theouter layer isdisplaced relative to the remainderof the
impactmitigating structurebyat least aparticular (thresh-
old) distance, e.g. during a second phase of an impact.
[0146] The particular (threshold) distance may be any
suitable and desired distance, e.g. between 5 mm and
100 mm, e.g. between 10 mm and 80 mm, e.g. between
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20mmand 70mm, e.g. between 40mmand 60mm, e.g.
approximately 50 mm.
[0147] Thus, in some embodiments (e.g. when the
impact mitigating structure is subject to an impact having
a force that is greater thanorequal to theparticular force),
the outer layer is arranged to attached to the remainder of
the impact mitigating structure (and the retaining struc-
ture is arranged to deform and/or stretch to accommo-
date this displacement) at displacements less than the
particular (threshold) distance and then detach from the
remainder of the impact mitigating structure at the parti-
cular (threshold) distance. This helps to provide contact
between the various different components of the impact
mitigating structure, such that the reactive layer is able to
facilitatemovement of the first and second layers relative
to each other in the first phase of the impact, and to then
allow theouter surface to continue tomoveaway from the
remainder of impactmitigating structureand the retaining
structure to retain the plurality of elements in the second
phase of the impact.
[0148] Preferably themanner inwhich theouter layer is
attached to the remainder of the impact mitigating struc-
ture (e.g. according to any one of the embodiments as
outlined herein) is configured to facilitate this two phase
behaviour.
[0149] The timescale overwhich the impact acts on the
impact mitigating structure, e.g. before the outer layer
detaches from the remainder of the impact mitigating
structure, may be any suitable and desired timescale.
In oneset of embodiments the impactmitigating structure
is configured such that the outer layer detaches from the
remainder of the impact mitigating structure, when the
impact mitigating structure is subject to an impact (e.g.
having a force that is greater than or equal to the parti-
cular force), after less than 50 ms, e.g. after less than 20
ms, e.g. after less than 10 ms, e.g. after less than 5 ms.
[0150] The impact mitigating structure may be any
suitable and desirable desired impact mitigating (e.g.
absorbing) structure arranged to mitigate forces in
(e.g. absorb energy from) an impact. While the above
aspects and embodiments have been described primar-
ily with respect to helmets, the Applicant has appreciated
that the impact mitigating structure of the helmet may be
applicable for other types of impact mitigating structures.
[0151] The impact mitigating structure is a helmet, the
first layer is an inner layer of the helmet and the second
layer is an outer layer of the helmet. When the impact
mitigating structure comprises an outer shell, preferably
the outer shell comprises an outer layer of the helmet.
The layers are preferably curved, e.g. approximately
hemispherical, to improve the fit of the layers to a head
and to help increase the protection from injury provided
by the helmet. These features apply equally to other
pieces of body armour, for example, that fit to other parts
of a body.
[0152] It will be appreciated that in embodiments in
which the impact mitigating structure comprises a hel-
met, the invention may reduce the rotation of the head of

the user and the transfer of rotational forces when the
helmet is subject to an impact, as the second (and/or
reactive) layer may translate (e.g. slide or rotate) with
respect to the first layer and the head of the user. Redu-
cing tangential forces experienced by a user’s head
further reduces the risk of neck injuries and brain injuries
as a result of impacts to the head.
[0153] Certain embodiments of the invention will now
be described, by way of example only, with reference to
the accompanying drawings in which:

Figure 1 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with an
embodiment of the present invention;
Figure 2 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 3 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 4 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 5 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure6Ashowsaschematic cross-sectional viewof
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure6Bshowsaschematic cross-sectional viewof
an impact mitigating structure not forming part of the
present invention;
Figure 7 shows a schematic view of an impact miti-
gating structure in accordance with an embodiment
of the present invention;
Figure 8 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 9 shows a schematic view of an impact miti-
gating structure in accordance with another embodi-
ment of the present invention;
Figure 10 shows a schematic view of an impact
mitigating structure in accordance with another em-
bodiment of the present invention;
Figure 11 is a diagram demonstrating themovement
of various components of an impact mitigating struc-
ture in accordance with an embodiment of the pre-
sent invention;
Figure 12 is a diagram showing the movement of
various components of an impact mitigating struc-
ture not forming part of the present invention;
Figure 13 shows a schematic view of an impact
mitigating structure in accordance with another em-
bodiment of the present invention;
Figures 14, 15 and 16 show schematically how con-
nections of a reactive layer may be arranged in
accordance with embodiments of the present inven-
tion;
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Figure 17 shows a schematic view of an impact
mitigating structure in accordance with another em-
bodiment of the present invention;
Figures 18, 19 and 20 show schematically how cy-
lindrical elements of a reactive layer may be ar-
ranged in accordance with embodiments of the pre-
sent invention;
Figure 21 shows a schematic view of an impact
mitigating structure in accordance with another em-
bodiment of the present invention;
Figure 22 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 23 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figures 24A and 24B shows a schematic cross-
sectional view of an impact mitigating structure in
accordancewith another embodiment of the present
invention;
Figure 25 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 26 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 27 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 28 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figure 29 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figures 30A and 30B show schematic views of an
impact mitigating structure in accordance with an-
other embodiment of the present invention;
Figure 31 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figures 32A and 32B show a schematic cross-sec-
tional view of an impact mitigating structure in ac-
cordance with another embodiment of the present
invention;
Figures 33A and 33B show a schematic cross-sec-
tional view of an impact mitigating structure in ac-
cordance with another embodiment of the present
invention;
Figure 34 shows a schematic cross-sectional view of
an impact mitigating structure in accordance with
another embodiment of the present invention;
Figures 35A and 35B show a schematic cross-sec-
tional view of an impact mitigating structure in ac-
cordance with another embodiment of the present
invention;
Figure 36 shows a schematic exploded view of an
impact mitigating structure in accordance with an-

other embodiment of the present invention;
Figure 37 shows a schematic exploded view of an
impact mitigating structure in accordance with an-
other embodiment of the present invention; and
Figures 38 and 39 show schematic views of helmets
formed froman impactmitigatingstructureaccording
to an embodiment of the present invention.

[0154] Impactmitigating structuresact toprotect auser
or an object by absorbing and/or deflecting energy from
an impact. In oblique impacts, which are a common form
of impact, the impact mitigating structure may be sub-
jected to significant linear and tangential forces. These
forces can cause a rapid deceleration of the user and/or
object, whichmay cause serious damage. Embodiments
of the present invention aim to provide an improved
impact mitigating structure which reduces the risk of
serious damage during an impact.
[0155] Figures 1 to 37 show impact mitigating struc-
tures.
[0156] Figure 1 shows a schematic cross-section
through a portion of an impact mitigating structure 100.
The impact mitigating structure 100 has the following
components: a first layer 102, a second layer 104 and
a reactive layer 105. The reactive layer 105 is formed
from multiple discrete elements 106, and is positioned
between the first layer 102 and the second layer 104. The
multiple discrete elements 106 are held in a particular
arrangement (e.g. regular array) in the reactive layer 105
between the first layer 102 the second layer 104.
[0157] The first layer 102 may be an energy absorbing
layer and the second layer 104may be a rigid outer shell,
e.g. of a helmet. In one particular example, the first layer
102 is an expanded polystyrene liner with a polycarbo-
nate shell coating and the second layer 104 is a poly-
carbonate shell. However, it will be appreciated that there
arenumberofdifferentmaterials suitable for thefirst layer
102 and a second layer 104, e.g. depending on the
application for the impact mitigating structure 100.
[0158] In Figure 1 the discrete elements are spheres
(e.g. balls) 106. Although Figure 1 only shows four
spheres 106, it will be appreciated that the impact miti-
gating structure100extendsbeyond theportion shown in
Figure 1, such that the reactive layer 105 may comprise
any suitable number of spheres 106. While the spheres
106 shown in Figure 1 are spherical, the reactive layer
105 could alsobe formed fromother types of spheroids or
rounded discrete elements.
[0159] The first layer 102 and the second layer 104 are
formed so as to contain the spheres 106 between the first
layer 102 and the second layer 104. The first layer 102
and the second layer 104 form a support structure, hous-
ing or container for the spheres 106. This holds the
spheres 106 in a particular, ’quasi-fixed’ arrangement.
In this arrangement the spheres 106 have a degree of
freedom of movement, while the reactive layer 105 as a
whole is fixed between the first layer 102 and the second
layer 104. For example, each sphere 106 may move a
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certain distance with respect to its neighbouring spheres
within the arrangement. However, owing to the diameter
of the spheres 106 compared with the separation of (e.g.
distancebetween) thefirst layer102and thesecond layer
104, the spheres 106 cannot swap (e.g. change) their
respective positions.
[0160] In use, when the (e.g. second (e.g. outer) layer
of the) impact mitigating structure 100 is subject to an
impact having a force exceeding a particular, threshold
force, the first layer 102, the second layer 104 and the
reactive layer 105 experience the force, such that they
are no longer able to provide the support structure,
housing or container for the spheres 106. Thismay occur
as a result of the second layer 104 being displaced,
fractured or ejected by the force of the impact. The
spheres 106 are disrupted from their particular arrange-
ment in the reactive layer 105such that theyareno longer
held in their arrangement between the first layer 102 and
thesecond layer104.Thebehavioursof the spheres106,
the first layer 102, the second layer 104 and the reactive
layer 105 following an impact will be described in more
detail in relation to Figure 11.
[0161] Figure 2 shows a schematic cross-section
through a portion of an impact mitigating structure 200
according to another embodiment of the present inven-
tion. Similarly to the impact mitigating structure 100
shown in Figure 1, the impact mitigating structure 200
shown in Figure 2 comprises a first layer 202, a second
layer 204 and a reactive layer 205. Moreover, the ar-
rangement of these layers with respect to each other is
the same as shown in Figure 1.
[0162] In contrast to the embodiments shown in Figure
1, the discrete elements of the reactive layer 205 of the
impact mitigating structure 200 are spheres 206, 207,
208 of different diameters. In particular, the reactive layer
205 is formed from plurality of spheres 206, 207, 208 of
three different diameters.
[0163] The first layer 202 and the second layer 204
form a support structure, housing or container for the
spheres 206, 207, 208 in the samemanner as described
in relation toFigure1.However, owing to their differences
in size, the spheres 206, 207, 208 shown in Figure 2may
have a greater freedom of movement than the spheres
106 shown in Figure 1, particularly when subject to an
impact. However, the spheres are still maintained in a
quasi-fixed arrangement between the first layer 202 and
the second layer 204.
[0164] Figure 3 shows a schematic cross-section
through a portion of an impact mitigating structure 300
according to another embodiment of the present inven-
tion. Similarly to the impact mitigating structure 100
shown in Figure 1, the impact mitigating structure 300
of Figure 3 includes a first layer 302, a second layer 304
and a plurality of spheres 306 forming a reactive layer
305.
[0165] However, in Figure 3 each sphere 306 is con-
nected to the first layer 302 by a connector 310. Each
connector 310 hold the corresponding sphere 306 in a

fixed position, allowing the plurality of spheres to be held
in a fixed arrangement. The connectors 310 and the
spheres 306 are made from the same material as the
first layer 302 and are formed integrally on the first layer
320.When the impactmitigating structure is subject to an
impact exceeding a particular, threshold force, the con-
nectors 310 are arranged to fracture to allow the spheres
306 to be freed and to move from their previously fixed
position.
[0166] Figures 4 and 5 show schematic cross-sections
through portions of impact mitigating structures 400, 500
according to other embodiments of the present invention.
[0167] Similarly to the impact mitigating structure 100
shown in Figure 1, in the embodiment shown in Figure 4,
the impact mitigating structure 400 includes a first (e.g.
impact absorbing) layer 402, a second (e.g. outer shell)
layer404andaplurality of spheres406 forminga reactive
layer. However, an additional mechanism is provided for
holding the spheres 406 in a particular arrangement.
[0168] The first layer 402 comprises a number of ’dim-
ples’, e.g. indentations or recesses, in the surface of the
first layer 402. The dimples are sized such that each
dimple holds a single sphere 406 in a fixed position.
The dimples may be arranged at regular (e.g. uniform)
distances from each across the first layer 402 in order to
provideauniformarrangement (e.g. array) of thespheres
406across the reactive layer. Theymayalsobe arranged
according to a geometrical distribution.
[0169] When the impact mitigating structure is subject
to an impact exceeding a particular, threshold force,
sufficient energy is imparted to the spheres to displace
them from the dimples in the first layer 402 to free them
from their fixed arrangement in the reactive layer.
[0170] Additionally or alternatively, in some embodi-
ments, the spheres 406 may be chemically and/or phy-
sically bonded to the first layer 402. This may help to
provide an increased threshold force required to disrupt
and displace the spheres from their fixed positions.
[0171] Figure 5 shows another impacting mitigating
structure 500 with includes a first layer 502, a second
layer 504 and a plurality of spheres 506 (forming a
reactive layer), in a similar manner to the embodiment
shown inFigure4.Thespheres506are impregnated inor
bonded to the second layer 504 tohold the spheres506 in
a particular arrangement.
[0172] When the impact mitigating is subject to an
impact exceeding a particular, threshold force, sufficient
energy is imparted to overcome the chemical and/or
physical bond of the spheres 506 to the second layer
504 to free them from their fixed arrangement in the
reactive layer. The spheres 506 can thenmove from their
previously fixed arrangement.
[0173] Figure 6A shows a schematic cross-section
through a portion of an impact mitigating structure 600
according to another embodiment of the present inven-
tion. Similarly to the impact mitigating structure shown in
the previous Figures, the impact mitigating structure 600
comprises a first (e.g. impact absorbing) layer 602, a
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second (e.g. outer shell) layer 604 and a reactive layer
605.
[0174] The reactive layer 605 shown in Figure 6A is
formed froma plurality of spheres 606 and a gel structure
614 into which the spheres 606 are embedded. The
spheres606aresmaller than thoseseen in thepreviously
Figures, such that there are multiple spheres 606 posi-
tioned through thegel structure 104. It will be appreciated
that various different sizes of spheres 606 are within the
scope of this embodiment.
[0175] The spheres 606 are suspended in the gel
structure 614. By suspending the spheres 606 in the
gel structure 614, the spheres 606 are held in a fixed
arrangement between the first layer 602 and the second
layer 604. However the spheres 606 may maintain a
degree of freedom of movement within the gel structure
614, e.g. owing to the flexibility of the gel.
[0176] When the impact mitigating is subject to an
impact exceeding a particular, threshold force, the gel
structure614will rupture or disintegrate,which allows the
spheres 606 to free them from their fixed arrangement in
the reactive layer. The spheres 606 can then move from
their previously fixed arrangement.
[0177] In someembodiments, insteadofagel structure
614, the reactive layer605couldcompriseanadhesiveor
a flexible liner (e.g. a plastic wrapping) which holds the
spheres 606 in a fixed arrangement between the first
layer 602 and the second layer 604.
[0178] Figure 6B shows an impact mitigating structure
650 similar to that seen in Figure 6A. The impact mitigat-
ing structure 650 comprises a first layer 652 and a re-
active layer 605 formed from a plurality of spheres 656
and a gel structure 664. However, the impact mitigating
structure 650 does not comprise an outer layer.
[0179] When the impact mitigating is subject to an
impact on the reactive layer 605, the gel structure 614
will rupture or disintegrate such that the spheres 656 are
freed and ejected from the impact mitigating structure
650. The spheres 656 can then move away from the
impact mitigating structure 650, taking with them a por-
tion of the energy applied to the structure 650 during the
impact.
[0180] It will also be appreciated that some of the
structures and features for holding the discrete elements
in a particular arrangement in the embodiments pre-
viously described herein (for example, the connectors
in Figure 5) may also be suitable for embodiments in
which the impact mitigating structure comprises a first
layer and a reactive layer, but no second layer, which
does not form part of the claimed invention. Embodi-
ments having any suitable and combination of such
features may also be provided.
[0181] Figure 7 shows a schematic view of a section of
an impact mitigating structure 700 according to an em-
bodiment of the present invention. The impact mitigating
structure 700 is formed from a reactive layer 705which is
positioned in between an expanded polystyrene layer
with a polycarbonate coating 702 and a polycarbonate

outer shell 704. The reactive layer 705maybeprovided in
any suitable and desired arrangement, for example, as
shown in any one (or combination) of Figures 1 to 6B.
[0182] Figure 1 to 7 show embodiments of impact
mitigating structures principally comprising a first layer,
a second layer and a reactive layer. In the embodiments
shown in Figures 8 to 10, the impact mitigating structure
comprises additional layers. Again, in these Figures, the
reactive layers maybe provided in any suitable and de-
sired arrangement, for example, as shown in any one (or
combination) of Figures 1 to 6B.
[0183] In Figure 8, the impact mitigating structure 800
comprises a first layer 802 and a second layer 804. The
first layer 802 and the second layer 804 are both energy
absorbing layers, e.g. are arranged to absorb energy
imparted in an impact. The reactive layer 805 is posi-
tioned between the impact absorbing layers 802, 804.
The first layer 802 and/or the second layer 804may have
a hard (e.g. polycarbonate) coating on their surface
which is in contactwith the reactive layer 805. The impact
mitigating structure800additionally includesahardouter
layer 812, e.g. bonded to the second layer 804.
[0184] When the impact mitigating structure 800 is
subject to an impact, the hard outer layer 812 may stay
in position on the second layer 804, while the first layer
802 and the second layer 804 move with respect to each
other. In other embodiments, the hard outer layer 812
may be ejected from the second layer 804 in an impact.
[0185] In Figure 9, the impact mitigating structure 900
includes a first layer 902 which is a cellular (e.g. honey-
comb) structure comprising a plurality of tessellating
cells. The impact mitigating structure 900 also includes
a second layer 904, e.g. formed from an expanded poly-
styrene that acts as an impact absorbing layer. The
reactive layer 905 is position in between these two layers.
Both the cellular structure first layer 902 and the ex-
panded polystyrene layer 904 may include a hard (e.g.
polycarbonate) coating on their surface which is in con-
tactwith the reactive layer 905.Apolycarbonate shell 912
is positioned on the outside of the second layer 904.
[0186] In Figure 10, the impact mitigating structure
1000 comprises a first polycarbonate layer 1002 and a
second polycarbonate layer 1004. The reactive layer
1005 is located between these polycarbonate layers
1002, 1004. The impact mitigating structure 1000 addi-
tionally includes an impact absorbing layer 1016 (e.g. an
expanded polystyrene layer or a cellular structure having
aplurality of tessellating cells), which is located below the
polycarbonate layers 1002, 1004 and the reactive layer
1005.
[0187] The cellular structures 902, 1016 (when pro-
vided) may be arranged to provide protection against
forces exerted in an impact (e.g. act as impact absorbing
structures).
[0188] Figures11and12demonstrate thebehaviour of
the impact mitigating structure during and/or after being
subject to an impact exceeding the particular, threshold
force.
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[0189] Figure 11 shows the impact mitigating structure
100 as seen in Figure 1. Upon an impact on the outer
second layer104, energy from the impact is transferred to
the first layer 102, the second layer 104 and the reactive
layer 105. The force of the impact disrupts the arrange-
ment of the spheres 106 in the reactive layer 105. The
spheres 106 can then rotate and roll with increased
freedom as shown by the arrows in Figure 11.
[0190] The rotationand rollingof thespheres106helps
the first layer 102 and the second layer 104 slide and to
move with respect to each other. In Figure 11, the first
layer 102 and the second layer 104 move in different
directions relative toeachotherasshownby thearrows in
Figure 11 indicating the directions of movement. This
results in a well-controlled movement of the first layer
102 and the second layer 104 with respect to each other.
The first layer 102 and the second layer 104 may move
relative to eachover a distanceof between40mmand50
mm, for example, depending on the magnitude of the
impact.
[0191] It will be appreciated that the relativemovement
of the first layer 102 and the second layer 104 relative to
each other, owing to the disruption and movement of the
spheres 106 in the reactive layer 105, helps to carry away
some of the energy from the impact, particularly in an
oblique impact on the second layer 104. This helps to
reduce the energy from the impact that is transferred
through to the rest of the impact mitigating structure 100,
thus helping to reduce the effect of the impact, e.g. on the
body that is being protected by the impact mitigating
structure 100.
[0192] Figure 12 shows an impact mitigating structure
formed from a first layer 1202 and a reactive layer 1205,
which does not form part of the claimed invention. The
discrete elements 1206 of the reactive layer 1205 are
held in a particular arrangement by a flexible material
(e.g. similar to the arrangement shown in Figures 6A and
6B). In other examples, the discrete elementmay be held
in a particular arrangement using connectors (e.g. similar
to the arrangement shown in Figure 3). When subject to
an impact having a force above a particular, threshold
force, thediscrete elements1206begin to rotate, fracture
from the rest of the reactive layer 1205 and are released
from the first layer 1202. The discrete elements 1206
transfer energy from the impact away from the first layer
1200, which reduces the energy transferred to the first
layer and to e.g. a person or object fitted with the impact
mitigating structure.
[0193] Figure 13 shows schematically a portion of an
impacting mitigating structure 1300 in which the ele-
ments 1306 of the reactive later 1305 that are located
between the first inner layer 1302 and the second outer
layer 1304 are connected together by a series of con-
nections 1307. As shown inFigure 13, the elements 1306
are connected together in a linear string. Embodiments
are envisaged inwhich the elements 1306are connected
together in a 2D or 3D array.
[0194] Figure 14 shows schematically how connec-

tions 1407, 1408, 1409 between elements 1406 of a
reactive layer may be arranged, e.g. relative to an impact
absorbing layer 1416 having a shell layer 1402. A con-
nection 1407 may be rigid and brittle, such that it breaks
apart upon impact. A connection 1408 may be sprung or
elastic, such that it stretches upon impact and, for ex-
ample, returns to its original state thereafter. A connec-
tion 1409 may be slack, such that it is tightened upon
impact. It will thus be seen thatwhen an impactmitigating
structure containinga reactive layer havingelements that
are connected together by connections undergoes an
impact, the connections are disrupted (e.g. stretched,
broken or tightened) in order to allow the elements to
move,which thus facilitatesmovementof the layersof the
impact mitigating structure relative to each other.
[0195] Figure 15 shows schematically how connec-
tions 1507 between elements 1506 of a reactive layer
may be connected to an impact absorbing layer 1516
having a shell layer 1502. As shown, the connections
1507 between the elements 1506, which form a string of
the elements 1506 and connections 1507, pass through
the impact absorbing layer 1516and the shell layer 1502.
In operation, the connections 1507 may break free from
the impact absorbing layer 1516and the shell layer 1502,
and/or themselves break, in order to allow the elements
1506 to move, which thus facilitates movement of the
layers of the impact mitigating structure relative to each
other.
[0196] Figure 16 shows schematically an element
1606 that is individually connected, e.g. via a sprung
connection 1607, to an impact absorbing layer 1616
having a shell layer 1602. As shown, the connection
1607 between the element 1606 passes through the
impact absorbing layer 1616 and the shell layer 1602.
In operation, the connection 1607 may stretch and/or
break free from the impact absorbing layer 1616 and
the shell layer 1602, and/or itself break, in order to allow
the element 1606 to move, which thus facilitates move-
ment of the layers of the impact mitigating structure
relative to each other.
[0197] Figure 17 shows schematically an impact miti-
gating structure 1700 having a reactive layer 1705 be-
tween an outer layer 1704 and a shell layer 1702 that
covers an energy absorbing layer 1716. In the reactive
layer 1705 the elements 1706 are cylindrical. When
subject to an impact on the impact mitigating structure
1700 that causes the elements 1706 of the reactive layer
1705 to roll (thus facilitating movement of the outer layer
1704 and the shell layer 1702 relative to each other), the
cylindrical elements 1706 roll preferentially in the direc-
tion perpendicular to their axis of symmetry.
[0198] Figure 18 shows schematically the rolling of
cylindrical elements 1806of a reactive layer, upon impact
of an impact mitigating structure. As shown, the cylind-
rical elements 1806 roll in the direction perpendicular to
their axis of symmetry.
[0199] Figure 19 shows schematically, in a similar
manner to the elements of the reactive layer shown in
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Figure13, for example, that the cylindrical elements 1906
of a reactive layer may be connected together by (e.g. a
string of) connections 1907.
[0200] Figure 20 shows schematically, in a similar
manner to the elements of the reactive layer shown in
Figure15, for example, that the cylindrical elements 2006
of a reactive layer may be connected together by (e.g. a
string of) connections 2007 that pass through an impact
absorbing layer 1516 and a shell layer 1502 of the impact
mitigating structure.
[0201] Figure 21 shows schematically an impact miti-
gating structure 2100 having a reactive layer 2105 be-
tween an outer layer 2104 and a shell layer 2102 that
covers an energy absorbing layer 2116. Similar to the
impact mitigating structure shown in Figure 17, in the
reactive layer 2105 the elements 2106 are cylindrical.
However, as shown in Figure 21, the cylindrical elements
2106 are arranged with their axes not all aligned to each
other. Thus, when subject to an impact on the impact
mitigating structure 2100 that causes the elements 2106
of the reactive layer 2105 to roll (thus facilitating move-
ment of the outer layer 2104 and the shell layer 2102
relative to each other), the cylindrical elements 2106 roll
in multiple different directions. This helps to control the
friction between the outer layer 2104 and the shell layer
2102 that are moving relative to each other.
[0202] Figure 22 shows schematically a cross-sec-
tional view through an impact mitigating structure
2200. The impact mitigating structure 2200 has a shell
layer 2202 that covers an energy absorbing layer 2216,
and a reactive layer 2205 between an outer layer 2204
and the shell layer 2202. The outer layer 2204 includes a
number of undulations, such that it has portions that
project outwardsand recesses that project inwards. Thus
the spacing between the outer layer 2204 and the shell
layer 2202 varies over the reactive layer 2205. To ac-
commodate the varying spacing between the outer layer
2204 and the shell layer 2202, the elements 2206, 2207
of the reactive layer 2205 are of multiple different sizes,
that match the spacing of the between the outer layer
2204 and the shell layer 2202. For example, the reactive
layer 2205 includes larger elements 2206 when the spa-
cing between the outer layer 2204 and the shell layer
2202 is larger and smaller elements 2207 when the
spacing between the outer layer 2204 and the shell layer
2202 is smaller.
[0203] Figure 23 shows schematically a cross-sec-
tional view through an impact mitigating structure
2300. The impact mitigating structure 2300 has a shell
layer 2302 that covers an energy absorbing layer 2316,
and a reactive layer 2305 between an outer layer 2304
and the shell layer 2302.The reactive layer 2305 includes
a housing 2307 for one (or more) rolling elements 2306.
The housing 2307 partially contains the rolling element
2306 so that a portion of the rolling element 2306 is
exposed. In operation, when the impact mitigating struc-
ture 2300 is subject to an impact, the exposed portion of
the rolling element 2306 contacts the outer layer 2304,

facilitating movement of the outer layer 2304 relative to
the shell layer 2302, owing to rolling of the element 2306
in the housing 2307.
[0204] Figures 24A and 24B show schematically a
cross-sectional view through an impact mitigating struc-
ture 2400. The impact mitigating structure 2400 has a
shell layer 2402 that covers an energy absorbing layer
2416, and a reactive layer 2405 between an outer layer
2404 and the shell layer 2402. In the reactive layer 2405,
elements 2406 are held in place (during normal use)
between the shell layer 2402 and the outer layer 2404
by patches of adhesive 2407. In operation, when the
impact mitigating structure 2400 is subject to an impact
(as shown in Figure 24B), the elements 2406 are re-
leased by rolling (e.g. peeling) away from the patches
of adhesive 2407, so that they are free to roll, thus
facilitating movement of the outer layer 2404 relative to
the shell layer 2402.
[0205] Figure 25 shows schematically a cross-sec-
tional view through an impact mitigating structure
2500.The impactmitigating structure2500hasa reactive
layer 2505 between an outer layer 2504 and an inner
layer 2502. The reactive layer 2505 has rolling elements
2506. One or more (e.g. all) of the inner layer 2502, the
outer layer 2504 and the rolling elements 2506 have a
high friction surface. In operation, when the impact miti-
gating structure 2500 is subject to an impact, the friction
between the elements 2506 and one or both of the inner
layer 2502 and the outer layer 2504 creates a torque that
causes the elements 2506 to roll, thus facilitating move-
ment of the outer layer 2504 relative to the inner layer
2502.
[0206] Figure 26 shows schematically a cross-sec-
tional view through an impact mitigating structure
2600.The impactmitigating structure2600hasa reactive
layer 2605 between an outer layer 2604 and an inner
layer 2602. The reactive layer 2605 has rolling elements
2606. The inner layer 2602, the outer layer 2604 and the
rolling elements 2606have interlinking notches formed in
their respective surfaces. In operation, when the impact
mitigating structure 2600 is subject to an impact, the
interlinking notches between the elements 2506 and
the inner layer 2602 and the outer layer 264 acts like a
rack and pinion to create a torque that causes the ele-
ments 2606 to roll, thus facilitatingmovement of the outer
layer 2604 relative to the inner layer 2602.
[0207] Figure 27 shows schematically a cross-sec-
tional view through an impact mitigating structure
2700. The impact mitigating structure 2700 is similar to
that shown in Figure 10, in that it includes two thin layers
2702,2704either sideofmultiple rollingelements2706of
the reactive layer, as well as a thicker inner impact
absorbing layer 2716. The thin layers 2702, 2704 (e.g.
made from polycarbonate) are harder than the inner
impact absorbing layer 2716 (e.g. made from EPS).
[0208] The reactive layer also includes a flexible (e.g.
textile) layer 2711 that is bonded to the thin layer 2702
next to the impactabsorbing layer2716.Theflexible layer
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2711 holds the multiple rolling elements 2706 in place in
the reactive layer and retains the multiple rolling ele-
ments 2706 between the flexible layer 2711 and the thin
layer 2702 in an impact.
[0209] Figure 28 shows schematically a cross-sec-
tional view through an impact mitigating structure
2800. The impact mitigating structure 2800 is similar to
that shown in Figure 27, in that it includes a flexible layer
2811 that retains multiple rolling elements 2806 of a
reactive layer. In this impact mitigating structure 2800,
the flexible layer 2811 is the outermost layer of the impact
mitigating structure 2800, and does not include a further
outer (e.g. hard) layer. The flexible layer 2811 is bonded
directly into the impact absorbing layer 2816, rather than
to any intermediate (hard) thinner layer, which is not
present in this embodiment.
[0210] Figure 29 shows schematically a cross-sec-
tional view through an impact mitigating structure
2900. The impact mitigating structure 2900 is similar to
that shown in Figure 28, in that it has the same compo-
nents: an impact absorbing layer 2916, a flexible layer
2911 and multiple rolling elements 2906 of a reactive
layer that are held between the impact absorbing layer
2916 and the flexible layer 2911. However, in the embo-
diment shown in Figure 29, the ordering of the layers is
reversed: the flexible layer 2911 is the innermost layer
(e.g. arranged to be adjacent to the head of a wearer of a
helmet incorporating the impact mitigating structure
2900) and the impact absorbing layer 2916 is on the
outside.
[0211] Figures 30A and 30B show schematic views of
an impact mitigating structure 3000, with Figure 30A
showing a partly exploded view. The impact mitigating
structure 3000 is similar to that shown in Figure 27 in that
it includes an impact absorbing layer 3016, an outer
(hard, thin) layer 3004 and an intermediate reactive layer
that includes multiple rolling elements 3006 that are
retained by a flexible layer 3011.
[0212] The flexible layer 3011 is attached to the impact
absorbing layer 3016 by interlinking notches 3013 in the
impact absorbing layer 3016 and the reactive layer.
[0213] Figure 31 shows schematically a cross-sec-
tional view through an impact mitigating structure
3100. The impact mitigating structure 3100 is similar to
that shown in Figure 27, in that it includes two thin layers
3102,3104either sideofmultiple rollingelements3106of
a reactive layer, as well as a thicker inner impact absorb-
ing layer 3116. The thin layers 3102, 3104 (e.g. made
from polycarbonate) are harder than the inner impact
absorbing layer 3116 (e.g. made from EPS).
[0214] The reactive layer also includes a flexible (e.g.
textile) layer 3111 that surrounds and encapsulates the
multiple rolling elements 3106. The flexible layer 3111
holds the multiple rolling elements 3106 in place in the
reactive layer and retains the multiple rolling elements
3106 within the flexible layer 3111 in an impact.
[0215] Figures 32A and 32B show schematically a
cross-sectional view through an impact mitigating struc-

ture 3200. The impact mitigating structure 3200 is similar
to that shown inFigure31, in that it includesaflexible (e.g.
textile) layer3211 that surroundsandencapsulatesmulti-
ple rolling elements 3206 of a reactive layer.
[0216] The flexible layer 3211 is attached (e.g. using
adhesive) on either side to a thin outer layer 3204 and an
inner impact absorbing layer 3216. The flexible layer
3211 hasmultiple hinge lines 3213 at which the two sides
of flexible layer 3211 are attached to each other. This
separates themultiple rolling elements 3206 intomultiple
discrete portions of the reactive layer.
[0217] Figure 32B shows operation of the impact mi-
tigating structure 3200 when it is subject to an impact
having a tangential component (parallel to the plane of
the outer layer 3204). In a first phase of the impact, the
outer layer 3204 is displaced relative to the inner impact
absorbing layer 3216. Owing to the flexible layer 3211
being attached to the outer layer 3204 and the inner
impact absorbing layer 3216, the flexible layer 3211 de-
forms and stretches, but does not rupture.
[0218] The impact also causes the outer layer 3204
and the inner impact absorbing layer 3216 to contact the
multiple rolling elements 3206 via the respective sides of
the flexible layer 3211. This causes the multiple rolling
elements 3206 to roll, owing to the friction between the
contact points of the outer layer 3204, the flexible layer
3211, the inner impact absorbing layer 3216 and the
multiple rolling elements 3206. This facilitates the move-
ment of the outer layer 3204 relative to the inner impact
absorbing layer 3216.
[0219] The hinge lines 3213 in the flexible layer 3211
allow the reactive layer to flex such that during displace-
ment of the outer layer 3204 relative to the inner impact
absorbing layer 3216, the reactive layer is able to con-
form to this displacement, particularly when the outer
layer 3204 and the inner impact absorbing layer 3216
have doubly curved surfaces.
[0220] If the impact has a force that is less than a
particular, threshold force, the outer layer 3204 remains
attached to the flexible layer 3211. After the impact, the
flexible layer 3211, and thus the outer layer 3204, return
to their original positions. If the impact has a force ex-
ceeding aparticular, threshold force, the outer layer 3204
detaches from the flexible layer 3211 and separates from
the remainder of the impact mitigating structure 3200.
The release of the outer layer 3204 from the flexible layer
3211 allows the flexible layer 3211 to return to its original
position, retaining the multiple rolling elements 3206.
[0221] Figures 33A and 33B show schematically a
cross-sectional view through an impact mitigating struc-
ture 3300. The impact mitigating structure 3300 is similar
to that shown in Figures 32A and 32B, in that it includes a
flexible (e.g. textile) layer 3311 that surrounds and en-
capsulates multiple rolling elements 3306 of a reactive
layer betweena thin outer layer 3304and an inner impact
absorbing layer 3316. Multiple struts 3315 connect the
thin outer layer 3304 to the inner impact absorbing layer
3316.
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[0222] The struts 3315 pass through the flexible layer
3311 and thus divide the reactive layer into multiple
discrete portions, each including multiple rolling ele-
ments 3306. The struts 3315 are arranged to pivot
(e.g. at the points at which they attach to the outer layer
3304 and the inner impact absorbing layer 3316) when
the impact mitigating structure 3300 is subject to an
impact that displaces the outer layer 3304 with respect
to the inner impact absorbing layer 3316.
[0223] Thepivoting of the struts 3315helps to allow the
reactive layer to move between the (e.g. doubly curved)
surfaces of the outer layer 3304 and the inner impact
absorbing layer 3316, when the outer layer 3304 is dis-
placed relative to the inner impact absorbing layer 3316,
as shown in Figure 33B.
[0224] Figure 34 shows schematically a cross-sec-
tional view through an impact mitigating structure
3400. The impact mitigating structure 3400 is similar to
that shown in Figures 32A and 32B, in that it includes a
flexible (e.g. textile) layer 3411 that surrounds and en-
capsulates multiple rolling elements 3406 of a reactive
layer betweena thin outer layer 3404and an inner impact
absorbing layer 3416.
[0225] The flexible layer 3411 has multiple hinge lines
3413 at which the two sides of flexible layer 3411 are
attached to eachother. This separates themultiple rolling
elements 3406 into multiple discrete portions of the re-
active layer. The hinge lines 3413 are formed by crimping
the flexible layer 3411 into springs. This allows the re-
active layer to stretch as well as flex, when the impact
mitigating structure 3400 is subject to an impact, again
helping it to conform to the moving surfaces of the outer
layer 3404 and the inner impact absorbing layer 3416.
[0226] Figures 35A and 35B show schematically a
cross-sectional view through an impact mitigating struc-
ture 3500. The impact mitigating structure 3500 is similar
to that shown in Figure 7 in that it includes a thin outer
layer 3504 and an inner impact absorbing layer 3516,
between which are arranged multiple rolling elements
3506 of a reactive layer.
[0227] The outer layer 3504 and the inner impact ab-
sorbing layer 3516 are attached to each other around
their respective perimeters by a compressible foam tape
3515. In operation, as shown in Figure 35B, when the
impact mitigating structure 3500 is subject to an impact,
the impact causes the compressible foam tape 3515 to
compress, such that the outer layer 3504 and the inner
impact absorbing layer 3516 contact the respective sides
of the multiple rolling elements 3506. This contact of the
outer layer 3504 and the inner impact absorbing layer
3516 with the multiple rolling elements 3506 causes the
multiple rolling elements 3506 to roll, thus facilitating
movement of the outer layer 3504 and the inner impact
absorbing layer 3516 relative to each other.
[0228] The compressible foam tape 3515 prevents the
outer layer 3504 and the inner impact absorbing layer
3516 from contacting each other, which helps to reduce
the frictionbetweenouter layer 3504and the inner impact

absorbing layer 3516, and helps to prevent geometric
locking between the outer layer 3504 and the inner im-
pact absorbing layer 3516.
[0229] Figure 36 shows schematically an exploded
view of an impact mitigating structure 3600. The impact
mitigating structure3600 is similar to that shown inFigure
31 in that it includes two thin layers 3602, 3604either side
of multiple rolling elements 3606 of a reactive layer, as
well as a thicker inner impact absorbing layer 3616. The
thin layers 3602, 3604 (e.g. made from polycarbonate)
are harder than the inner impact absorbing layer 3616
(e.g. made from EPS).
[0230] The reactive layer also includes a flexible (e.g.
textile) layer 3611a, 3611b that surrounds and encapsu-
lates themultiple rollingelements 3606.Theflexible layer
3611a, 3611b holds the multiple rolling elements 3606 in
place in the reactive layer and retains the multiple rolling
elements3606within theflexible layer3611a, 3611b inan
impact.
[0231] The flexible layer 3611a, 3611b is formed from
an upper flexible layer 3611a and a lower flexible layer
3611b. When the impact mitigating structure 3600 is
assembled, e.g. by heat pressing the upper flexible layer
3611a and the lower flexible layer 3611b together at
multipledifferent hinge lines, themultiple rollingelements
3606 are separated out into discrete portions, e.g. as
shown in Figures 32A and 32B.
[0232] Figure 37 shows schematically an exploded
view of an impact mitigating structure 3700. The impact
mitigating structure3700 is similar to that shown inFigure
27 in that it includes two thin layers 3702, 3704either side
of multiple rolling elements 3706 of a reactive layer, as
well as a thicker inner impact absorbing layer 3716. The
thin layers 3702, 3704 (e.g. made from polycarbonate)
are harder than the inner impact absorbing layer 3716
(e.g. made from EPS).
[0233] The reactive layer also includes a flexible (e.g.
textile) layer 3700 that is bonded to the thin layer 3702
next to the impactabsorbing layer3716.Theflexible layer
3711 holds the multiple rolling elements 3706 in place in
the reactive layer and retains the multiple rolling ele-
ments 3706 between the flexible layer 3711 and the thin
layer 3702 in an impact.
[0234] A layer of adhesive 3171 is coated on the inner
thin layer 3702 such that when the impact mitigating
structure 3600 is assembled, the flexible layer 3711 is
bonded to the thin layer 3702. Furthermore, owing to the
distribution of the multiple rolling elements 3706 over the
thin layer 3702, the multiple rolling elements 3706 are
separated out into discrete portions, e.g. as shown in
Figures 32A and 32B.
[0235] The two thin layers 3702, 3704 are connected
together by heat pressing, at a line 3719 around the
respective perimeters of the two thin layers 3702, 3704.
[0236] Figures 38 and 39 demonstrate how the impact
mitigating structures are formed into a helmet 3800,
3900. In the helmet 3800 shown in Figure 38, an outer
(e.g. shell and/or impact absorbing) layer 3804 and an
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inner cellular structure 3802 can be seen. The reactive
layer is not shown for clarity but is positionedbetween the
first (inner cellular structure) layer 3802 and the second
(outer) layer 3804. The reactive layer maybe provided in
any suitable and desired arrangement, for example, as
shown in any one (or combination) of Figures 1 to 37;
however, it will be appreciated that the various layers are
provided in a curved form to provide the shape of the
helmet 3800.
[0237] In Figure 39, the helmet 3900 comprises a first
(inner, impact absorbing) layer 3202 formed from ex-
panded polystyrene that is substantially covered by a
second (outer shell) layer 3904 formed from a hard
polycarbonate. The first (inner, impact absorbing) layer
3902 may also include a hard coating on the surface
which comes in contact with the reactive layer. The
reactive layer is not shown for clarity but is positioned
between the first (inner) layer 3902 and the second (out-
er) layer 3904. The reactive layer maybe provided in any
suitable and desired arrangement, for example, as
shown in any one (or combination) of Figures 1 to 37;
however, it will be appreciated that the various layers are
provided in a curved form to provide the shape of the
helmet 3900.
[0238] Thus it will be appreciated by those skilled in the
art that an impact mitigating structure according to em-
bodiments of the present invention, in which the arrange-
ment of a plurality of elements is disrupted during an
impact to facilitate the movement of a first layer and a
second layer with respect to the each other, helps to
reduce the forces transferred through the impact mitigat-
ing structure, e.g. to a user or object being protected by
the structure. This may provide significant benefits over
known helmets, e.g. in helping to reduce brain injuries.
[0239] It will further be appreciated however that many
variations of the specific arrangements described herein
are possible within the scope of the invention, as defined
by the appended claims. For example, while the cross
sections shown in the Figures, which are schematic
representations of embodiments of the invention, show
flat layers of the impact mitigating structures (for the
purposes of clarity), it will be appreciated that, in at least
preferred embodiments, the layers of the impact mitigat-
ing structures are (e.g. doubly) curved.

Claims

1. A helmet comprising an impact mitigating structure
(100), the impact mitigating structure comprising:

a first inner layer (102, 1202);
a second outer layer (104); and
a reactive layer (105, 1205) positioned between
the first inner layer (102, 1202) and the second
outer layer (104), the reactive layer (105) com-
prising a plurality of elements (106, 1206) held
between the first inner layer (102, 1202) and

second outer layer (104);
wherein the reactive layer (105, 1205) is ar-
ranged such that, when the second layer
(104) is subject to an impact, the plurality of
elements (106, 1206) of the reactive layer are
configured to roll to facilitate movement of the
first inner layer (102, 1202) and the secondouter
layer (104) with respect to each other, charac-
terized in that the first inner layer (102, 1202)
and the secondouter layer (104) are arranged to
separate when the impact mitigating structure
(100) is subject to an impact.

2. The helmet as claimed in claim 1, wherein the first
inner layer (102, 1202), the second outer layer (104)
and/or the reactive layer (105, 1205) are configured
such that, when the impactmitigating structure (100)
is subject to an impact, the majority of the rotational
energy of the impact is transferred to the reactive
layer (105).

3. The helmet as claimed in any one of the preceding
claims, wherein the second outer layer (104) is at-
tached to remainder of the impact mitigating struc-
ture (100) such that, when the impact mitigating
structure (100) is subject to an impact, the second
outer layer (104) is configured to detach from the
remainder of the impact mitigating structure (100).

4. The helmet as claimed in any one of the preceding
claims, wherein the reactive layer (105, 1205) is
arranged to allow the plurality of elements (106,
1206) to roll when the impact mitigating structure
(100) is subject to an impact having at least a parti-
cular force.

5. The helmet as claimed in any one of the preceding
claims, wherein the reactive layer (105, 1205) is
configured such that, when the impact mitigating
structure (100) is subject to an impact, the plurality
of elements (106, 1206) are free to move in three
dimensions when the plurality of elements (106,
1206) are freed by the impact.

6. The helmet as claimed in any one of the preceding
claims, wherein the reactive layer (105, 1205) is
configured such that, when the impact mitigating
structure (100) is subject to an impact, the plurality
of elements (106, 1206) are released from the re-
active layer (105, 1205) with a maximum speed of
200ms‑1 and/or an average speedof 80ms‑1, and/or
wherein theparticular force isbetween10and100N,
e.g. between30Nand70N,e.g. approximately 50N.

7. The helmet as claimed in any one of the preceding
claims, wherein the reactive layer (105, 1205), the
first inner layer (102, 1202) and/or the second outer
layer (104) are configured such that, when the im-
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pact mitigating structure (100) is subject to an im-
pact, the second outer layer (104) detaches from the
remainder of the impact mitigating structure (100)
after less than 50 ms, e.g. after less than 20 ms, e.g.
after less than 10 ms, e.g. after less than 5 ms.

8. The helmet as claimed in any one of the preceding
claims, wherein the number of elements of the plur-
ality of elements (106, 1206) is between 5 and
100,000, e.g. between 50 and 10,000, e.g. between
100 and 1,000, and/or wherein the ratio of the sur-
faceareaof the reactive layer (105, 1205) overwhich
the plurality of elements (106, 1206) are provided to
the surface area of the reactive layer (105, 1205) is
between 0.05 and 0.5, e.g. between 0.1 and 0.4, e.g.
approximately 0.25; and/or wherein the plurality of
elements (106, 1206) have a size that is greater than
a quarter of the thickness of the reactive layer (105,
1205); and/or wherein the plurality of elements (106,
1206) are formed from a material having a Shore A
hardness of greater than 50, e.g. greater than 100.

9. The helmet as claimed in any one of the preceding
claims, wherein one or more of the plurality of ele-
ments (106, 1206), the first layer (102, 1202) and the
second layer (104) comprise a high friction material
and/or coating such that, when the impact mitigating
structure (100) is subject to an impact, the plurality of
elements (106, 1206) are configured to contact one
or both first inner layer (102, 1202) and the second
outer layer (104), such that the high friction material
causes the plurality of elements (106, 1206) to roll to
facilitate movement of the first inner layer and the
second outer layer with respect to each other.

10. The helmet as claimed in any one of the preceding
claims, wherein the hardness of the plurality ele-
ments (106, 1206) is greater than the hardness of
the first layer (102, 1202) and/or the second layer
(104).

11. The helmet as claimed in any one of the preceding
claims, wherein the plurality of elements (106, 1206)
are held in aparticular arrangement between the first
and second layers (102, 1202, 104), wherein the
particular arrangement of the plurality of elements
(106, 1206) of the reactive layer (105, 1205) is con-
figured to be disrupted when the second layer (104)
is subject to an impact to facilitate movement of the
first inner layer (102, 1202) and the second outer
layer (104) with respect to each other, wherein par-
ticularly the impact mitigating structure (100) com-
prises a support structure arranged to hold the plur-
ality of elements (106, 1206) in the particular ar-
rangement and to release the plurality of elements
(106, 1206) when the impact mitigating structure
(100) is subject to an impact.

12. The helmet as claimed in any one of the preceding
claims, wherein the impact mitigating structure com-
prises a retaining structure arranged to hold the
plurality of elements between the first and second
layers; wherein the retaining structure is arranged to
retain the plurality of elements when the impact
mitigating structure is subject to an impact, wherein
the retaining structure substantially fully encapsu-
lates and/or surrounds the plurality of elements,
wherein the retaining structure comprises a flexible
layer (2711, 2811, 2911, 3011, 3111, 3211, 3311,
3411, 3611a, 3611b, 3711) that at least partially
encapsulates and/or surrounds the plurality of ele-
ments, wherein the flexible layer is arranged to
stretch when the impact mitigating structure is sub-
ject to an impact, and/or
wherein the flexible layer is arranged to not tear,
fracture, rupture and/or break, when the impact mi-
tigating structure is subject to an impact.

13. The helmet as claimed in claim 12, wherein the
flexible layer is attached to the first inner layer and/or
to the second outer layer by an adhesive.

14. The helmet as claimed in any one of the preceding
claims, wherein the first and second layers are at-
tached to each other by one or more struts (3315)
and/or one ormore spacers that extend between the
first and second layers, wherein the one or more
struts and/or the one or more spacers are compres-
sible and are configured to be compressed when the
impact mitigating structure is subject to an impact.

15. The helmet as claimed in any one of the preceding
claims, wherein the reactive layer comprises one or
more hinge lines (3213, 3413) extending across at
least part of the reactive layer, wherein the reactive
layer is arranged to bend at at least some of the one
or more hinge lines (3213, 3413), when the impact
mitigating structure is subject to an impact.

Patentansprüche

1. Helm mit einer aufprallmindernden Struktur (100),
wobei die aufprallmindernde Struktur Folgendes
umfasst:

eine erste innere Schicht (102, 1202);
eine zweite äußere Schicht (104); und
eine reaktive Schicht (105, 1205), die zwischen
der ersten inneren Schicht (102, 1202) und der
zweiten äußeren Schicht (104) angeordnet ist,
wobei die reaktive Schicht (105) eine Vielzahl
von Elementen (106, 1206) umfasst, die zwi-
schen der ersten inneren Schicht (102, 1202)
undder zweitenäußerenSchicht (104) gehalten
werden;
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wobei die reaktive Schicht (105, 1205) so ange-
ordnet ist, dass, wenn die zweite Schicht (104)
einem Aufprall ausgesetzt ist, die Vielzahl von
Elementen (106, 1206) der reaktiven Schicht so
konfiguriert ist, dass sie rollen, um die Bewe-
gungder ersten innerenSchicht (102, 1202) und
der zweiten äußeren Schicht (104) in Bezug
aufeinander zu erleichtern, dadurch gekenn-
zeichnet, dass die erste innere Schicht (102,
1202) und die zweite äußere Schicht (104) so
angeordnet sind, dass sie sich trennen, wenn
die aufprallmindernde Struktur (100) einemAuf-
prall ausgesetzt ist.

2. Helm nach Anspruch 1, wobei die erste innere
Schicht (102, 1202), die zweite äußere Schicht
(104) und/oder die reaktive Schicht (105, 1205) so
konfiguriert sind, dass, wenn die aufprallmindernde
Struktur (100) einem Aufprall ausgesetzt ist, der
Großteil der Rotationsenergie des Aufpralls auf die
reaktive Schicht (105) übertragen wird.

3. Helm nach einem der vorhergehenden Ansprüche,
wobei die zweite äußere Schicht (104) am Rest der
aufprallminderndenStruktur (100) soangebracht ist,
dass, wenn die aufprallmindernde Struktur (100)
einem Aufprall ausgesetzt ist, die zweite äußere
Schicht (104) so konfiguriert ist, dass sie sich vom
Rest der aufprallmindernden Struktur (100) löst.

4. Helm nach einem der vorhergehenden Ansprüche,
wobei die reaktive Schicht (105, 1205) so angeord-
net ist, dass sie es der Vielzahl von Elementen (106,
1206) ermöglicht, zu rollen, wenn die aufprallmin-
derndeStruktur (100) einemAufprall mitmindestens
einer bestimmten Kraft ausgesetzt ist.

5. Helm nach einem der vorhergehenden Ansprüche,
wobei die reaktive Schicht (105, 1205) so konfigu-
riert ist, dass, wenn die aufprallmindernde Struktur
(100) einem Aufprall ausgesetzt ist, die Vielzahl von
Elementen (106, 1206) sich frei in drei Dimensionen
bewegen kann, wenn die Vielzahl von Elementen
(106, 1206) durch den Aufprall freigesetzt wird.

6. Helm nach einem der vorhergehenden Ansprüche,
wobei die reaktive Schicht (105, 1205) so konfigu-
riert ist, dass, wenn die aufprallmindernde Struktur
(100) einem Aufprall ausgesetzt ist, die Vielzahl von
Elementen (106, 1206) von der reaktiven Schicht
(105, 1205) mit einer maximalen Geschwindigkeit
von 200 ms‑1 und/oder einer durchschnittlichen Ge-
schwindigkeit von 80ms‑1 freigesetzt wird, und/oder
wobei die spezifische Kraft zwischen 10 und 100 N,
z.B. zwischen 30 N und 70 N, z.B. etwa 50 N, liegt.

7. Helm nach einem der vorhergehenden Ansprüche,
wobei die reaktive Schicht (105, 1205), die erste

innere Schicht (102, 1202) und/oder die zweite äu-
ßere Schicht (104) so konfiguriert sind, dass, wenn
die aufprallmindernde Struktur (100) einem Aufprall
ausgesetzt ist, sich die zweite äußere Schicht (104)
nachwenigerals50ms, z.B.nachwenigerals20ms,
z.B. nachweniger als 10ms, z.B. nach weniger als 5
ms, vomRest der aufprallmindernden Struktur (100)
löst.

8. Helm nach einem der vorhergehenden Ansprüche,
wobei die Anzahl der Elemente der Vielzahl von
Elementen (106, 1206) zwischen 5 und 100.000,
z.B. zwischen 50 und 10.000, z.B. zwischen 100
und 1.000 liegt, und/oder wobei das Verhältnis der
Oberfläche der reaktiven Schicht (105, 1205), auf
der die Vielzahl von Elementen (106, 1206) vorge-
sehen ist, zurOberfläche der reaktivenSchicht (105,
1205) zwischen 0.05 und 0,5 liegt, z.B. zwischen 0,1
und 0,4 liegt, z.B. etwa 0,25 beträgt; und/oder wobei
die Vielzahl von Elementen (106, 1206) eine Größe
hat, die größer als ein Viertel der Dicke der reaktiven
Schicht (105, 1205) ist; und/oder wobei die Vielzahl
von Elementen (106, 1206) aus einem Material mit
einer Shore A-Härte von mehr als 50, z.B. mehr als
100, gebildet ist.

9. Helm nach einem der vorhergehenden Ansprüche,
wobei eines oder mehrere der Vielzahl von Elemen-
ten (106, 1206), die ersteSchicht (102, 1202) unddie
zweite Schicht (104) ein Material und/oder eine Be-
schichtung mit hoher Reibung aufweisen, so dass,
wenn die aufprallmindernde Struktur (100) einem
Aufprall ausgesetzt ist, die Vielzahl von Elementen
(106, 1206) so konfiguriert ist, dass sie eine der
beiden Schichten (102, 1202) oder die erste innere
Schicht (102, 1202) und die zweite äußere Schicht
(104) berühren, so dass das Material mit hoher Rei-
bung bewirkt, dass die Vielzahl vonElementen (106,
1206) rollen, um die Bewegung der ersten inneren
Schicht und der zweiten äußeren Schicht in Bezug
aufeinander zu erleichtern.

10. Helm nach einem der vorhergehenden Ansprüche,
wobei die Härte der Vielzahl von Elementen (106,
1206) größer ist als die Härte der ersten Schicht
(102, 1202) und/oder der zweiten Schicht (104).

11. Helm nach einem der vorhergehenden Ansprüche,
wobei die Vielzahl von Elementen (106, 1206) in
einer bestimmten Anordnung zwischen der ersten
und der zweiten Schicht (102, 1202, 104) gehalten
wird, wobei die bestimmte Anordnung der Vielzahl
von Elementen (106, 1206) der reaktiven Schicht
(105, 1205) so konfiguriert ist, dass sie unterbrochen
wird, wenn die zweite Schicht (104) einem Aufprall
ausgesetzt wird, um die Bewegung der ersten inne-
ren Schicht (102, 1202) und der zweiten äußeren
Schicht (104) in Bezug aufeinander zu erleichtern,
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wobei insbesondere die aufprallmindernde Struktur
(100) eine Stützstruktur umfasst, die so angeordnet
ist, dass sie die Vielzahl von Elementen (106, 1206)
in der bestimmten Anordnung hält und die Vielzahl
von Elementen (106, 1206) freigibt, wenn die auf-
prallmindernde Struktur (100) einemAufprall ausge-
setzt ist.

12. Helm nach einem der vorhergehenden Ansprüche,
wobei die aufprallmindernde Struktur eine Halte-
struktur umfasst, die so angeordnet ist, dass sie
die Vielzahl von Elementen zwischen der ersten
und der zweiten Schicht hält; wobei die Haltestruktur
so angeordnet ist, dass sie die Vielzahl von Elemen-
ten festhält, wenn die aufprallmindernde Struktur
einem Aufprall ausgesetzt ist, wobei die Haltestruk-
tur die Vielzahl vonElementen imWesentlichen voll-
ständig einkapselt und/oder umgibt, wobei dieHalte-
struktur eine flexible Schicht (2711, 2811, 2911,
3011, 3111, 3211, 3311, 3411, 3611a, 3611b, 3711)
umfasst, die die Vielzahl von Elementen zumindest
teilweise einkapselt und/oder umgibt, wobei die fle-
xible Schicht so angeordnet ist, dass sie sich dehnt,
wenn die aufprallmindernde Struktur einem Aufprall
ausgesetzt ist, und/oder
wobei die flexible Schicht so beschaffen ist, dass sie
nicht einreißt, splittert, platzt und/oder bricht, wenn
die aufprallmindernde Struktur einem Aufprall aus-
gesetzt ist.

13. Helm nach Anspruch 12, wobei die flexible Schicht
durch einen Klebstoff an der ersten inneren Schicht
und/oder an der zweiten äußeren Schicht befestigt
ist.

14. Helm nach einem der vorhergehenden Ansprüche,
wobei die erste und die zweite Schicht durch eine
oder mehrere Streben (3315) und/oder einen oder
mehrere Abstandshalter, die sich zwischen der ers-
ten und der zweiten Schicht erstrecken, aneinander
befestigt sind, wobei die eine oder die mehreren
Streben und/oder der eine oder die mehreren Ab-
standshalter komprimierbar sind und so konfiguriert
sind, dass sie komprimiert werden, wenn die auf-
prallmindernde Struktur einem Aufprall ausgesetzt
ist.

15. Helm nach einem der vorhergehenden Ansprüche,
wobei die reaktive Schicht eine odermehrere Schar-
nierlinien (3213, 3413) umfasst, die sich über min-
destens einen Teil der reaktiven Schicht erstrecken,
wobei die reaktive Schicht so angeordnet ist, dass
sie sich an mindestens einigen der einen oder meh-
reren Scharnierlinien (3213, 3413) biegt, wenn die
aufprallmindernde Struktur einem Aufprall ausge-
setzt ist.

Revendications

1. Casque comprenant une structure atténuant l’im-
pact (100), la structure atténuant l’impact compre-
nant :

une première couche interne (102, 1202) ;
une seconde couche externe (104) ; et
une couche réactive (105, 1205) positionnée
entre la première couche interne (102, 1202)
et la seconde couche externe (104), la couche
réactive (105) comprenant une pluralité d’élé-
ments (106, 1206) maintenus entre la première
couche interne (102, 1202) et la seconde cou-
che externe (104) ;
dans lequel la couche réactive (105, 1205) est
agencée de sorte que, lorsque la seconde cou-
che (104) est soumise à un impact, la pluralité
d’éléments (106, 1206) de la couche réactive
sont configurés pour rouler afin de faciliter le
mouvement de la première couche interne (102,
1202) et la seconde couche externe (104) l’une
par rapport à l’autre, caractérisé en ce que la
première couche interne (102, 1202) et la se-
conde couche externe (104) sont agencées
pour se séparer lorsque la structure atténuant
l’impact (100) est soumise à un impact.

2. Casque selon la revendication 1, dans lequel la
première couche interne (102, 1202), la seconde
couche externe (104) et/ou la couche réactive
(105, 1205) sont configurées de sorte que, lorsque
la structureatténuant l’impact (100) est soumiseàun
impact, la majorité de l’énergie de rotation de l’im-
pact est transférée à la couche réactive (105).

3. Casque selon l’une quelconque des revendications
précédentes, dans lequel la seconde couche ex-
terne (104) est reliée au reste de la structure atté-
nuant l’impact (100) de sorte que, lorsque la struc-
ture atténuant l’impact (100) est soumise à un im-
pact, la seconde couche externe (104) est configu-
rée pour se détacher du reste de la structure atté-
nuant l’impact (100).

4. Casque selon l’une quelconque des revendications
précédentes, dans lequel la couche réactive (105,
1205) est agencée pour permettre à la pluralité
d’éléments (106, 1206) de rouler lorsque la structure
atténuant l’impact (100) est soumise à un impact
ayant au moins une force particulière.

5. Casque selon l’une quelconque des revendications
précédentes, dans lequel la couche réactive (105,
1205) est configurée de sorte que, lorsque la struc-
ture atténuant l’impact (100) est soumise à un im-
pact, la pluralité d’éléments (106, 1206) sont libres
de se déplacer dans trois dimensions lorsque la
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pluralité d’éléments (106, 1206) sont libérés par
l’impact.

6. Casque selon l’une quelconque des revendications
précédentes, dans lequel la couche réactive (105,
1205) est configurée de sorte que, lorsque la struc-
ture atténuant l’impact (100) est soumise à un im-
pact, la pluralité d’éléments (106, 1206) sont libérés
de la couche réactive (105, 1205) avec une vitesse
maximalede200ms‑1 et/ouunevitessemoyennede
80 ms‑1, et/ou dans lequel la force particulière est
comprise entre 10 et 100 N, par exemple entre 30 N
et 70 N, par exemple d’approximativement 50 N.

7. Casque selon l’une quelconque des revendications
précédentes, dans lequel la couche réactive (105,
1205), la première couche interne (102, 1202) et/ou
la seconde couche externe (104) sont configurées
de sorte que, lorsque la structure atténuant l’impact
(100) est soumise à un impact, la seconde couche
externe (104) se détache du reste de la structure
atténuant l’impact (100) après moins de 50 ms, par
exemple après moins de 20 ms, par exemple après
moins de 10 ms, par exemple après moins de 5 ms.

8. Casque selon l’une quelconque des revendications
précédentes, dans lequel le nombred’élémentsde la
pluralité d’éléments (106, 1206) est compris entre 5
et 100 000, par exemple entre 50 et 10 000, par
exemple entre 100 et 1000, et/ou dans lequel le
rapport de la surface de la couche réactive (105,
1205) sur laquelle la pluralité d’éléments (106, 1206)
sont prévussur la surfacede lacouche réactive (105,
1205) est compris entre 0,05 et 0,5, par exemple
entre 0,1 et 0,4, par exemple d’approximativement
0,25 ; et/ou dans lequel la pluralité d’éléments (106,
1206) ont une taille qui est supérieure à un quart de
l’épaisseur de la couche réactive (105, 1205) ; et/ou
dans lequel la pluralité d’éléments (106, 1206) sont
formés d’un matériau ayant une dureté Shore A
supérieure à 50, par exemple supérieure à 100.

9. Casque selon l’une quelconque des revendications
précédentes, dans lequel un ou plusieurs de la plu-
ralité d’éléments (106, 1206), la première couche
(102, 1202) et la seconde couche (104) compren-
nent un matériau et/ou revêtement à friction élevée
de sorte que, lorsque la structure atténuant l’impact
(100) est soumise à un impact, la pluralité d’élé-
ments (106, 1206) sont configurés pour venir en
contact avec une de la première couche interne
(102, 1202) et la seconde couche externe (104) ou
les deux de sorte que le matériau à friction élevée
amène la pluralité d’éléments (106, 1206) à rouler
pour faciliter le mouvement de la première couche
interne et la seconde couche externe l’une par rap-
port à l’autre.

10. Casque selon l’une quelconque des revendications
précédentes, dans lequel la dureté de la pluralité
d’éléments (106, 1206) est supérieure à la dureté de
la première couche (102, 1202) et/ou la seconde
couche (104).

11. Casque selon l’une quelconque des revendications
précédentes, dans lequel la pluralité d’éléments
(106, 1206) sont maintenus dans un agencement
particulier entre les première et seconde couches
(102, 1202, 104), dans lequel l’agencement particu-
lier de la pluralité d’éléments (106, 1206) de la cou-
che réactive (105, 1205) est configuré pour être
perturbé lorsque la seconde couche (104) est sou-
mise à un impact pour faciliter le mouvement de la
première couche interne (102, 1202) et la seconde
coucheexterne (104) l’unepar rapport à l’autre, dans
lequel notamment la structure atténuant l’impact
(100) comprend une structure de support agencée
pour maintenir la pluralité d’éléments (106, 1206)
dans l’agencement particulier et pour libérer la plu-
ralité d’éléments (106, 1206) lorsque la structure
atténuant l’impact (100) est soumise à un impact.

12. Casque selon l’une quelconque des revendications
précédentes, dans lequel la structure atténuant l’im-
pact comprend une structure de retenue agencée
pour maintenir la pluralité d’éléments entre les pre-
mière et seconde couches ; dans lequel la structure
de retenue est agencée pour retenir la pluralité d’é-
léments lorsque la structure atténuant l’impact est
soumise à un impact, dans lequel la structure de
retenue encapsule et/ou entoure essentiellement
entièrement la pluralité d’éléments, dans lequel la
structure de retenue comprend une couche flexible
(2711, 2811, 2911, 3011, 3111, 3211, 3311, 3411,
3611a, 3611b, 3711) qui encapsule et/ou entoure au
moins partiellement la pluralité d’éléments, dans
lequel la couche flexible est agencée pour s’étirer
lorsque la structure atténuant l’impact est soumise à
un impact, et/ou dans lequel la couche flexible est
agencée pour ne pas se déchirer, fracturer, rompre
et/ou casser lorsque la structure atténuant l’impact
est soumise à un impact.

13. Casque selon la revendication 12, dans lequel la
couche flexible est reliée à la première couche in-
terne et/ou à la seconde couche externe par un
adhésif.

14. Casque selon l’une quelconque des revendications
précédentes, dans lequel les première et seconde
couches sont reliées l’une à l’autre par un ou plu-
sieurs montants (3315) et/ou un ou plusieurs écar-
teurs qui s’étendent entre les première et seconde
couches, dans lequel le ou les montants et/ou le ou
les écarteurs sont compressibles et sont configurés
pour être comprimés lorsque la structure atténuant
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l’impact est soumise à un impact.

15. Casque selon l’une quelconque des revendications
précédentes, dans lequel la couche réactive
comprend une ou plusieurs charnières (3213,
3413) s’étendant en travers d’au moins une partie
de la couche réactive, dans lequel la couche réactive
est agencée pour se plier au niveau d’au moins
certaines de la ou des charnières (3212, 3413)
lorsque la structure atténuant l’impact est soumise
à un impact.
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