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HEAD PROTECTION FOR REDUCING LINEAR ACCELERATION

This invention relates to safety head wear used for protection of the
head from impacts to the head which can be used in high risk activities such as
sports or for other purposes such as in industrial or worksite applications where

protection from head injuries is required.

BACKGROUND OF THE INVENTION

Head injuries in sport have been described as an epidemic especially
in contact sports like football, hockey and lacrosse. While catastrophic head and
brain injuries are generally managed effectively, helmets have had little effect on the
iIncidence of concussive injuries. In part, this is the result of helmets used in sport,
recreational pursuits and indusiry having primarilly been designed to prevent
catastrophic head Injuries. Head injuries resulting from direct impacts are
characterized by both linear and angular accelerations of the head during the
impact. Certain types of head injuries like skull fractures and intracranial bleeds are
associated with linear accelerations. Impact is managed by using compliant foams
and foam surrogates that are designed by primarily changing the thickness and
stiffness characferistics. As a result the foams periorm effectively during a very
small portion of the energy absorbing range. ldeally an energy absorbing liner is
engineered to absorb the greatest amount of energy during its full range of
compression. Typically foams do not provide sufficient stiffness during the initial

compression then work efficiently until they become too stiff and begin to transfer
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force to the head. As a result the capacity of the energy absorbing material Is

inefficient.

LN a4

it is one object of this invention to provide an improved helmet which
provides a reduction in the linear forces on the head of the wearer.
According to one aspect of the invention there is a provided headwear
used for protection of the head of a wearer from impact accelerations comprising:
an outer member for engaging exiernal objects in potential contact with
the head of the wearer;
an inner layer for engaging ar; outer surface of the head of the wearer,
a plurality of compressible components arranged between the outer
member and the inner layer at spaced positions around the head of the wearer;
the components being arranged to compress In a direction generally
orthogonal to the surface of the head so as to absorb the impacts;
each component comprising:
a body having an inner surface for engaging the inner layer and
an outer surface for engaging the outer components;
the body having a peripheral wall having the compression
characteristics such that the peripheral wall Is collapsible when a load is applied

between the inner and outer surfaces greater than a predetermined load;
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a compressible body within the peripheral wall and having the
compression characteristics to provide a resistance fo compression;

such that the component responds to impact forces by
combining the characteristics of the compressible body and the peripheral wall.

5 Preferably the inner layer comprises a stiff inner liner for engaging the
outer surface of the head and the outer member comprises an outer shell and
wherein the components are arranged between the inner liner and the outer shell for
absorbing the forces applied between the outer shell and the head.

Preferably there is provided a stiff inner liner at the inner layer for
10  engaging the outer surface of the head and there may be provided a rigid outer shell
at the outer layer where the components are arranged between the inner liner and
the outer shell for absorbing the linear forces applied between the head and the
outer layer.
Alternatively an arrangement can be provided which does not include
15  an additional rigid shell so that the compressible components are directly engaged at
the outer surface of the peripheral-wall-thereof-by-objects impacting- the-headwear- - —-—— - —-
Preferably the peripheral wall of the compressible body provides a
collapsible material which Is provided to accommodate compression forces. The

compressible body is preferably a solid body formed of a resilient material such as a

20 resilient foam material.
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However the compressible body is a solid body formed which can be
formed of other materials having the same or similar compression characteristics to
foam such as a molded plastics material.

In some cases the compressible body fills the hollow interior of the
peripheral wall.

However, more preferably the compressible body has a height less
than that of the hollow interior of the peripheral wall so as to be spaced from one or
both of the inner and outer walis. In fthis way the compression of the component
commences at the predetermined load when the peripheral wall commences o
collapse and then the interior solid body commences to resisf the collapse when the
material begins to compress. Preferably in this arrangement the compressible solid
body is shaped to engage the peripheral wall around its full periphery. However it
may be smaller.

In an alternative arrangement, the compressible solid body has a
height equal or greater to that of the peripheral wall and a peripheral extent less than
that of the peripheral wall.

Preferably the peripheral wall is formed from a plastics material.
However other materials and methods of manufacture can be used provided the
material provide the collapse characteristics required. For example the peripheral
wall can be molded from a plastics material.

Preferably but not necessarily the peripheral wall has the walls thereof

which are sufficiently elastic, in conjunction with elastic forces from the interior core
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material to cause the peripheral wall to resume iis initial shape after the forces
causing collapse are removed. This may occur slowly over a period of time, but the
intention is that the components revert to their original condition after an impact for
coniinued use.

In order to allow collapse, the peripheral wall is typically not air tight or
closed so as to allow air to be expelled on collapse.

Preferably the combined characteristics of the peripheral wall and the
solid body are arranged such that the first response of the component under forces
is that it is collapsible when a load is applied between the inner and outer surfaces
greater than a predetermined load up to a predetermined distance of compression
following which the compressible body acts to resist further compression.

Preferably the combined characteristics of the peripheral wall and the
solid body are arranged fo provide a force curve that absorbs energy at a
substantially constant rate throughout the duration of the impact.

Preferably the combined characteristics of the peripheral wall and the
solid body are arranged to provide a force curve that absorbs energy at a
substantially constant rate as the component is compressed.

In one arrangement the peripheral wall is cylindrical and of constant
thickness.

However the peripheral wall can also be frustoconical or tapered or
may have other more complex shapes in cross-section. For example the peripheral

wall can be of varying thickness along its height.
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Preferably the compressible body is mounted in a flexible support
which allows lateral movement of the body relative to one of botn of the inner fayer
and the outer member to allow shearing movement of the inner layer relative to the
outer member. For example the flexible support can comprise an elastic membrane

5  which attached to the peripheral wall.

According to a second aspect of the invention there is provided
headwear used for protection of the head of a wearer from impact accelerations
comprising:

an outer member for engaging external objects in pofential contact with

10 the head of the wearer;

an inner layer for engaging an outer surface of the head of the wearer,

a plurality of compressible components arranged between the outer
member and the inner layer at spaced positions around the head of the wearer;

the components being arranged to compress In a direction generally

15  orthogonal to the surface of the head so as {o absorb the impacts;

wherein the compressible components are mounted In a flexible
support which allows lateral movement of the body relative to one of both of the
inner layer and the outer member to allow shearing movement of the inner layer
relative to the oufer member.

20 For example the flexible support can comprise an elastic membrane

which attached to the peripheral wall.
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The arrangement as described in more detail hereinafter relates {o
safety head wear for use in high risk activities such as sports and industrial purposes
where protection from head injuries is required.

For example one feature of this device as describer hereinafter Is to
provide an impact absorbing device to be used in a helmet which is designed to
create a force curve that absorbs energy at a substantially constant rate throughout
the duration of the impacit.

The device includes a pod like structure forming the components with
two parts, a circular or peripheral wall of varying thickness and a foam or foam like
maierial or structure contained within the pod to manage energy when the outer
walls become less effective. The device provides a method of managing the
compressive force characteristics of the helmet around the head designed to
decrease the brain trauma resulting from high linear acceleration during impacts to
the helmet. The device consists of a pod that has foam, foam like material or a
structure designed {0 manage forces when the peripheral wall of the outer pod no
longer manage forces efficiently. The resulting effect is to decrease the magnitude of
the fdrces acting on the head thus decreasing the risk of head and brain injuries
associated with these forces. The arrangement described herein can be used In
conjunction with traditional materials and structures or on its own depending on the
needs of the helmet.

This device Is intended to manage the forces resulting from an impact

to the head by decreasing the resulting linear accelerations of the head. Specifically
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the arrangement described herein provides a means to manage the linear forces
during an impact to the head. This invention can be used but is not limited to
helmets used in sport like hockey, football, lacrosse, alpine skiing, cycling and motor
sport as well as safety helmets for industrial and transportation applications.

The example provided in Figure 2 and described hereinafter
demonstrates the use of the device in a helmet. In this example the device can be
positioned between the liner and the shell. The device is made up of a series of
flexible components at spaced positions around the head of the wearer, each
containing an outer structure or peripheral wall with an inner structure. This device
allows the outer surface of the helmet to move orthogonal to the surface of the head
of the wearer in a controlled fashion to decrease linear acceleration of the head.

Direct impacts to the head provide impacts that are the result of a
moving object contacting the head as in an elbow of a player impacting a stationary
player's head or a tackler's helmet impacting a stationary players helmet or when
the head is moving and comes in contact with a stationary object. For example
when a person falls to the ground and the head is moving until if comes In contact
with the stationary ground.

Linear acceleration occurs when an object with mass and velocity
contacts the head or the head is moving with mass and velocity and the resulting

acceleration from the impact is in a linear or straight manner.
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Protective headwear as defined herein Includes any headwear
designed to be worn to decrease the risk of a head injury. Most commonly used in
sporting activities and industrial applications.

A helmet as defined herein comprises protective headwear used to
protect wearers from hazards generally made up of as shell, liner and retention
system.

A shell as defined herein comprises the outer layer of a helmet
generally consisting of a harder material and is often designed to distribute the force
over a larger area. It iIs generally made up of harder materials like polycarbonate,
polyethylene or composite materials.

A liner as defined herein comprises the part of the helmet that Is

primarily responsible for the energy management of a helmet and can be made up of

vinyl nitrile or polystyrene or polypropylene foams, or plastic structures designed to
absorb energy.
Compression forces or normal forces arise from the force vector

component perpendicular to the material cross section on which it acts.

BRIEF DECRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view through a portion of the outer wall of
a helmet according to the present invention taken along the lines 1-1 of Figure 8C

showing three compressible components of a first embodiment in a row between an

outer shell and an inner liner of the helmet.
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Figure 1A Is an isometric view of one of the compressible components
which Is to be inserted into the helmet.
Figure 2 is a cross-sectional view of one of the compressible
components showing a second embodiment.
5 Figure 3 is a cross-sectional view of one of the compressible
components showing a third embodiment.
Figure 4 s a cross-secticnal view of one of the compressible

components showing a fourth embodiment.

Figure 5 is a cross-sectional view of one of the compressible

10 components showing a fifth embodiment.

Figure © Is a cross-sectional view of one of the compressible
components showing a sixth embodiment.

Figure 7 Is a cross-sectional view along the lines 7-7 of Figure 1.

Figures 8A, 8B and 8C show isometric, front and side views of the

15  helmet including a series of the components inserted into the helmet.

DETAILED DESCRIPTION

The headwear used for protection of the head from impacts to the
head includes an inner layer 12 for engaging an outer surface of the head of the
20 wearer and an outer layer 11. Between the layers is provided a plurality of

compressible components 14 arranged at spaced positions around the head of the

wearer.
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Thus the components compress in a direction orthogonal to the
surface of the head so as to absorb the impacts on the exterior.

Each component 14 comprises a hollow body 15 having an inner
surface or edge 15A for engaging the inner layer, an outer surfaced or edge 15B and
a peripheral wall 15C. The peripheral wall 15C has compression characteristics
such that it is collapsible when a load is applied between the inner and outer
surfaces greater than a predetermined load.

Inside the peripheral wall of the hollow body is a compressible body 16
within the component 14 which has compression characteristics to provide a
resistance to compression such that the component responds to impact forces by
combining the characteristics of the peripheral wall and the solid body.

The component 14 is In the shape of a circular disk with parallel top
and bottom surfaces for engaging the inner and outer layers. However shapes other
than circular may be used such as square or elliptical.

The compressible body 16 provides a collapsible resilient materiai
such as a solid foam which Is provided to accommodate compression forces.

The compressible body is a solid body formed of molded plastics
matenial.

In Figure 2 the compressible body fills the hollow interior.

In Figure 3 the compressible body has a cross-section matching that of

the hollow body but has a height H less than the height H1 of the hollow interior so
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as to be spaced from one or both of the inner and outer surfaces and as shown

spaced form the top surface 15B at the layer 11.

This describes the foam being against the surface of the head when
another design has the foam beftween the pod and the inner surface of the shell 11.
Both variations can be used. That is the foam 16 can be attached to the Inner
surface of the bottom wall spaced from the inner surface of the peripheral walls and
spaced from the inner surface of the top wall.

Thus, as shown In Figures 1A and 2, the compressible solid body is
shaped to engage the peripheral wall 15C around its full periphery.

In Figure 5 the compressible solid body has a height equal to that of
the hollow inferior and a peripheral extent D less than D1 of the peripheral wall.
That is the diameter of the foam piece Is less than the diameter of the inner surface
of the peripheral wall

The component 14 has the walls thereof formed by injection molding
from a plastics material. The molded walls are arranged such that the component
14 has the walls thereof which are sufficiently elastic to cause the component 14 to
resume its Initial shape aiter the forces causing collapse are removed. The
component 14 is not air tight so as to allow air to be expelled on collapse so that it
does not form a gas bag spring.

The combined characteristics of the peripheral wall and the solid body
are arranged such that the first response of the component under forces Is that It 1s

collapsible when a load is applied between the inner and outer surfaces greater than
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a predetermined load up to a predetermined distance of compression following

- which the compressible body 16 acts to resist further compression. In particular the

combined characteristics of the hollow body and the solid body are arranged to
provide a force curve that absorbs energy at a substantially consfant rate throughout
the duration of the impact. In other words the combined characteristics of the hollow
body and the solid body are arranged to provide a force curve that absorbs energy
at a substantially constant rate as the component is compressed.

A component 14 i1s provided herein consists of one or more
compartments to contain a foam or foam surrogate or structure o manage
compressive forces resulting from an impaci.

This device Is Intended {0 manage the forces resulting from an impact
to the head by decreasing the resulting linear accelerations of the head. This
iInvention can be used but is not limited to helmets used in sport like hockey, football,
lacrosse, alpine skiing, cycling and motor sport as well as safety helmets for

iIndustrial and transportation applications.

The example provided in Figures 8A, 8B and 8C demonstrates the use
of the device In an ice hockey helmet. In this example the device s positioned
between the head and the shell. The device is made up of a series of flexible pods
containing foam or foam surrogates or structures to manage compressive forces
resulting from an impact.

The imvention consists of a pod filled with a foam, foam like matenial or

structure designed to manage the force resulting from an impact. The peripheral wall
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s designed to collapse at a defined magnitude until it is no longer effective at which
time the foam or foam like material or structure inner walls manages the force to
maintain effective management of the transmitted forces designed to minimize the
magnitude of the force {fransmitted to the head controlling the rate of linear
acceleration of the head during the impact.

The invention can be used in conjunction with existing technologies
like low friction bladders or a flexible mounting system designed to decrease angular
acceleration. In operation this device is placed between the shell and the skull
around the head. The Invention aliows the designer to create the necessary

compression characteristics tc ensure the resuiting linear acceleration from an

impact is managed to reduce the risk of a head injury.

The invention i1s made up of an outer ring or peripheral wall that can
vary in diameter, thickness and stifiness and consists of polyethylene material and i1s
designed In such a way fo ensure the collapse is predictable and consistent. The
outer ring or peripherai wall can consist of both ends open with no materiai or with
one or the other void of material. It can be filled with foam, foam surrogates or a
structure designed so that the foam Is thicker than the walls or is thinner than the
height of the walls depending on the forces it is designed to manage.

The structures are anatomically shaped to follow the head and
positioned at the front of the head (forehead), sides of the head (parietal), at the
temple region, the back of the head (occipital) and the top of the head (crown). The

structures are attached to the shell using adhesive or metal fasteners.
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As shown in Figure 1, 1A and 6, the peripheral wall is cylindrical and of
constant thickness.

However as shown in Figure 3, the peripheral wall 15C is frustoconical
or tapered with either the larger end at the layer 11 or at the layer 12.

As shown In Figure 4 the peripheral wall 15C 1s of varying thickness
along its height as shown at 15D, 15E. These variations can be used to tailor the
collapse to a required force curve. The position of the thinner wall poriions can be
located at the foam or remote from the foam

As shown in Figures 1 and 6 the compressible body is mounted in a
flexible support layer 17 which allows lateral movement M of the body relative to one
of both of the inner layer 12 and the outer member 11 to allow shearing movement
of the inner layer relative to the outer member. That is shearing force along the line
FS causes one end of the componenf to move along the line M to reduce the
shearing action and thus the angular rotation of the head in response to the shearing
force FS.

In the example shown, the flexible support 17 comprises an elastic
membrane which attached to the peripheral wall 15C at its inner end 15A. This
allows the end 15A to move sideways long the line M by stretching of the membrane
17. However other mounting systems can be used. For example a sliding bladder
arrangement can be used of the type disclosed in co-pending Application

PCT/CA2013/050017 by the present Assignees, the disclosure of which can be

referenced for further information on this arrangement.
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CLAIMS:

1. Headwear used for protection of the head of a wearer from

iImpact accelerations comprising:

an outer member for engaging external objects in potential contact with
the head of the wearer;
an inner layer for engaging an outer surface of the head of the wearer:
a plurality of compressible components arranged between the outer
member and the inner layer at spaced positions around the head of the wearer:
the components being arranged to compress in a direction generally
orthogonal to the surface of the head so as to absorb the impacts:
each component comprising:
a body having an inner surface for engaging the inner layer and
an outer surface for engaging the outer components;
the body having a peripheral wall having the compression
characteristics such that the peripheral wall is collapsible when a load is applied
between the inner and outer surfaces greater than a predetermined load:
a compressible body within the peripheral wall and having the
compression characteristics to provide a resistance to compression:
such that the component responds fo impact forces by
combining the characteristics of the compressible body and the peripheral wall.

2. The headwear according to claim 1 wherein the inner layer

comprises a stiff inner liner for engaging the outer surface of the head and the outer
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member comprises an outer shell and wherein the components are arranged
between the inner liner and the outer shell for absorbing the forces applied between
the outer shell and the head.

3. The headwear according fo claim 1 or 2 wherein the outer
member forms a part of the compressible components without an additional rigid
shell so that the compressible components are directly engaged at the outer
member by the objects impacting the headwear.

4, The headwear according {o any one of claim 1 to 3 wherein the
peripheral wall of the compressible body is formed of a resilient material.

5, The headwear according to any one of claim 1 to 4 wherein the
peripheral wall is formed of molded plastics material.

6. The headwear according to any one of claim 1 to 5 wherein the
compressible body fills a hollow interior of the peripheral wall.

7. The headwear according to any one of claim 1 to 6 wherein the
compressible body has a height less than that of the peripheral wall so as to be

spaced from one or both of the inner and outer surfaces.

8. The headwear according to claim 7 wherein the compressible
body Is shaped to engage the peripheral wall around its full periphery.
9. The headwear according to any one of claim 1 to 8 wherein the

compressible body has a height equal to that of the peripheral wall and a peripheral

extent less than that of the peripheral wall.
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10.  The headwear according to any one of claim 1 to 9 wherein the
peripheral wall is sufficiently elastic to resume its initial shape after the forces
causing collapse are removed.

11.  The headwear according to any one of claim 1 to 10 wherein the
combined characteristics of the peripheral wall and the compressible body are
arranged such that the first response of the component under forces is that it Is
collapsible when a load is applied between the inner and outer surfaces greater than
a predetermined load up o a predetermined distance of compression following
which the compressible body acts 1o resist further compression.

12.  The headwear according o any one of claim 1 to 11 wherein the
combined characteristics of the peripheral wall and the compressible body are
arranged to provide a force curve that absorbs energy at a substantially constant
rate throughout the duration of the impact.

13. The headwear according to any one of claim 1 to 12 wherein the
combined characteristics of the peripheral wall and the compressible body are

arranged to provide a force curve that absorbs energy at a substantially constant

rate as the component is compressed.

14. The headwear according to any one of claim 1 to 13 wherein the
compressible body is provided as a separate item from the peripheral wall and Is
contained within the peripheral wall.

15. The headwear according to any one of claim 1 to 14 wherein the

peripheral wall is cylindrical and of constant thickness.
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16. The headwear according to any one of claim 1 to 15 wherein the
peripheral wall is frustoconical.

17.  The headwear according to any one of claim 1 to 16 wherein the

peripheral wall is of varying thickness along its height.

18. The headwear according to any one of claim 1 to 17 wherein the
compressible body is mounted in a flexible support which allows lateral movement of
the body relative 1o one of both of the inner layer and the outer member to allow

shearing movement of the inner layer relative to the outer member.

19. The headwear according to claim 18 wherein the flexible

support comprises an elastic membrane which attached to the peripheral wall.
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