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PERSONALIZED PROTECTIVE HEADGEAR

CLAIM OF PRIORITY
[001] The present application is a continuation of, and claims the benefit of US
Provisional Patent Application Nos. 62/823,115 (Attorney Docket No.
5152.003PRV) filed March 25, 2019; and 62/754,666 { Attorney Docket No.
5152.001PRV) filed November 2, 2018; the entire contents of which are

mcorporated herein by references.

BACKGROUND
[602] Headgear such as helmets are worn in many situations in order to protect
the wearer’s head as well as to provide a base on which accessory ittems may be
attached such as cameras or lights. Headgear dissipates energy received by the head
during an impact thereby helping to numumize or avoid damage to the skin, bone,
brain, and other adjacent tissues. The vast majority of helmets utilize mjection
molded outer shells with a foam lining, which may be uncomfortable to the user and
be less than optimal for energy dissipation due to tooling costs and the mechanical
properties of existing foam-based materials. It would be desirable to provide

improved helmets.

BRIEF DESCRIPTION OF THE DRAWINGS
[603] In the drawings, which are not necessarily drawn to scale, like numerals
may describe similar components in different views. Like numerals having different
letter suffixes may represent different mstances of similar components. The
drawings illustrate generally, by way of example, but not by way of limitation,
various embodiments discussed in the present document.
[604] Fig. 1A shows a perspective view of a helmet and associated accessories.
[B05] Fig. 1B shows a front view of the helmet in Fig. 1A
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[006]
[007]

Fig. 1C shows a side view of the helmet in Fig 1A,

Fig. 2A shows a side view of a low-profile hockey cage mounted to a

helmet compared to a standard cage mounted to the helmet.

Fig. 2B shows a top view of the helmet in Fig. 2A.
Fig. 3A shows a perspective view of a cage coupled to a helmet.
Fig. 3B shows a side view of Fig. 3A.

Fig. 4 shows a perspective view of a quick clip on the helmet with the

cage engaged.

[0012]

helmet.

helmet.
[6019]
[6020]

2

Fig. 5A shows a front view of the quick chip in Fig. 4 isolated from the

. 5B shows a side view of the quick clip in Fig. 5A.

T3
e e
a2

Fig. 6 shows a perspective view of another clip.

Fig. 7 shows a perspective view of still another quick clip.
Fig. 8 shows a perspective view of another quick clip.

Fig. 9A shows a perspective view of a front clip on a helmet.

Fig. 9B shows a front view the front clip of Fig. 9A 1solated from the

Fig. 9C shows a side view of the front chip in Fig. 9A.

Fig. 10A shows a perspective view of an integrated neckroll and a

masking groove.

[0021]
[0022]
[0023]

Fig. 10B shows a bottom view of Fig. 10A
Fig. 11 shows a partial cross-section of Fig. 10A

Fig. 12 shows a front perspective view of a helmet highlighting a section

of helmet which 13 illustrated n Figs. 13-35.

Figs. 13-35 show various layers of the section of helmet in Fig. 12,

Fig. 36 shows an example of sweat gutters.

Fig. 37 shows another example of sweat gutters isolated from the helmet.
Fig. 38 shows vet another example of sweat gutters.

Fig. 39 shows the basic components in a typical helmet.

Fig. 40 shows hexes normal to a user’s head.
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[6030] Fig. 41 shows a beanie hat which may be used for calibration and
personalization.

[6031] Fig 42 shows a close-up example of a pin used to join sections of a
helmet together.

[86032] Fig 43A shows an example of a joint used to coupled helmet sections
together.

[8033] Fig. 43B shows a front view of the joint in Fig. 43A

DETAILED DESCRIPTION
[8034] Commercially available headgear provides protection to the wearer’s head
and adjacent tissue by dissipating and attenuating energy received during an impact
or other force to the head. Because headgear such as helmets are often
manufactured using injection molding processes, they are often made to standard
sizes and shapes which may not be optimally fitted to the wearer’s head. This can
lead to discomfort and in certain situations less optimal protection to the head
particularly if the user chooses to select a helmet that fits loosely to mimmize
pressure points. Moreover, headgear often employ standard foams or other
materials to help assist with the energy dissipation and these materials and theiwr
geometries may also be less than optimal for dissipating umpact energy to the head.
[6035]  These helmets often also utilize separate fasteners (such as a threaded
bolt) attached to the headgear to help attach other items such as cages, straps or
other accessory items such as hights or cameras to the helmet. The fasteners can fail
due to rust or they can create impact points prone to farlure. Therefore, there 13 a
need for improved headgear and at least some of these challenges may be addressed
by the examples of headgear disclosed herem.
[8036] A number of examples of helmets with and features are disclosed herein.
One of skill in the art will appreciate that any of the features may be used alone or in
combination with one or more of the other features in any helmet.
[8037]  Integrated hardware (e.g. clips) and novel energy absorbing structures are

created using additive manufacturing techniques such as those described herein.
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Integrated hardware makes the helmet lighter and easier to use, specifically in
securing and removing the cage or having other functions.

[6038] In addition, a redesigned low-profile cage reduces visual interference
from the bars of the cage, reduces the probability of cage locking with other cages
or other protrusions and also may reduce the amount of torque delivered to the head
i the case of an impact These and other features are disclosed herem.

[6039] While the examples disclosed herein are primarily directed at headgear
used during hockey games, one of skill in the art will appreciate that this 1s not
intended to be limiting and the headgear features disclosed herein may be used in
any number of other sports, work, combat operations or first responder activities, or
other activities where headgear 15 used to protect the head or even used in other
protective equipment used to protect other parts of the body.

[0846] Terms

[6041] The following are commonly used terms to describe the components of a
traditional helmet. Some of the proposed examples consolidate the functions of one
or more of these areas into a single component. Fig. 39 illustrates basic components
of a helmet which mcludes the outermost layer of the helmet which is a shell, an
energy management layer, an optional accessory visor (not tllustrated), and optional
comfort layer.

[6042] Helmet - any form of protective headgear covering all or some portion of
the head with the intent of reducing injury to the wearer or providing a support for
equipment such as a hight or camera.

[8043] Shell - the outermost portion of the helmet, traditionally made of a hard
plastic to disperse impact energies over a broader surface to prevent skull fractures
or localized bruising. Tt may alse serve the additional purpose of adding durability
and protecting the more fragile energy management layer.

[8044] Energy Management Layer - sometimes referred to as the protective
padding, comprises the bulk of the offset of the helmet from the head.

[8045] Cage Clips - hardware, plastic, metal or any other material known in the

art, that attach a cage to a helmet.
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[6046] Cage Straps - nvlon, polypropylene, polyester, cotton or any other material
known m the art, forming straps that affix the cage to the helmet.

[8047] Comtfort Liner - an optional liner, typically much softer than either the
shell or energy management layer to facilitate fit and comfort for the wearer.

[8048] J-Clip - hardware, typically plastic but may be any other material known
the art, in the shape of an upside down J when viewed from the front of a helmet.
May be fastened to the helmet with one or more screws.

[8049] Offset - the normal {measured orthogonally) distance between the head
form and the cutermost portion of the shell at any given point. May also be referred
to herein also as stand-off.

(60507 Hardware - in the context of helmets, refers to any bolts, screws, nuts,
washers, fasteners, clips, fixtures, supports or other ancillary components,
commonly plastic and/or metal, whose primary purpose is for the assembly of the
helmet and/or the attachment of accessories to the helmet.

[6051] One example of the headgear is a helmet and cage for hockey illustrated in
Figs. 1A-1C. Fig. 1A shows a perspective view, while Fig. 1B shows a front view
and Fig. 1C shows a side view of an example of a helmet having a at least some of
the features disclosed herein and any of these features may be optionally used in any
helmet mdividually or in combination with any of the other features disclosed
herein. The helmet 106 covers the head (not shown). Quick chips 102 on each side
of the helmet adjacent the temples and front clips 104 adjacent the forehead receive
a bar on the cage and attach the cage 186 to the helmet. The cage comprises a
plurality filaments (also referred to as wires) connected together at nodes, mcluding
horizontally oriented filaments and vertically oriented filaments. Attached to the
cage 15 a chin cup 108 that stabilizes the cage and helmet on the user’s head by
providing support from the chin. Ear cups 110 protect the user from hockey sticks or
other player’s skates. Ear loops having a U-shaped strap with an open center region
for the ear, on each side of the helmet 112 and a chin strap 114 with an adjustable
strap locking feature further secure the helmet to the user’s head.

[6052] Fig 1B also has a coordinate system to specify the axis and relative
directions {front, side and top) referenced in this specification. Additional details
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about the features in helmet 100 are disclosed below. Each feature 15 described in
separate sections, and one of skill in the art will appreciate that any feature may be
atitized individually in a helmet, or any combination of the features disclosed herein
may be used in a helmet.

[8053] Tig 1C shows the helmet of Fig. 1A 1na side view.

[6054]  Angular Acceleration Reduction

[8055] Reducing angular accelerations on the head is generally accepted as a way
of reducing concussions experienced by the user. Use of certain materials,
manufacturing processes and/or application of surface features and treatments to any
of the examples of helmets disclosed herein may facilitate rotation of the helmet
relative to an impact surface without rotating the head, thereby reducing the
probability of a concussion. Any of these features may be used alone or in
combination with one or more of the other features disclosed herein.

[8056] Low Profile Cage

[8057]  Another example of reducing angular acceleration is by controlling the
size of the helmet. Hockey cages typically protrude out significantly from the face
to avoid high velocity pucks from making contact with the face during an impact. A
large offset between the cage and the face is required as the cage has substantial
play between the J-clips, loose chin straps and a generously sized chin cup. The
wires form a tight knut mesh to prevent contact to the face from another player's
stick.

[6058] Optionally, it may be desirable to provide a lower profile cage as this can
reduce torque experienced by the helmet and the wearer’s head during impacts as
well as providing improved vistbility through the cage. Any of the features
associated with low profile cages may be included with any of the other helmet
features disclosed heren, in any example of a helmet.

[8059] A shim profile cage 1s made possible by including an mtegrated cage
mount and helmet design that positions the cage closer to the head. The lower
profile cage positions the cage wires closer to the face, and a shim chin cup that
requires less distance between the wire cage and chin than traditional helmets may
also be used. Higher precision manufacturing tolerances and hardware that does not

&
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require excessive offsets to compensate for flex and undesirable positioning also
help provide a low-profile cage. Optionally using one or more of these features in a
helmet results in a predictable amount of flex, lower torque from oblique impacts,
all while keeping the cage away from the plaver’s face. In addition, the vertical
wires of the cage are woven through the nside of the cage and one or both ends of
the vertical wires are welded on an outer surface of the cage (e.g. to an outer surface
of a horizontal wire), and the other vertical wires are welded on an outer surface of
the cage to the horizontal wires, as opposed to the vertical wires being on the
outside with welds on the inside, while horizontal wires are on the cutside of the
cage. Having the vertical wires on the inside prevents the cage from catching
another player’s cage in a head to head collision and minimizes or reduces the
resultant rotational acceleration along the axis of the neck. Welds on the outside
may help prevent weld failure from failing and pushing the wires inward toward the
face and eyes. Having the end of the wires terminate on the outside of the cage at
the top and bottom of the cage acts as an additional precaution should a weld fail.
Specifically, the wire will elongate away from the head, rather than towards it. Also,
a desirable by product of the low-profile cage is better visibility from fewer wires
blocking the field of view and the cage wires 1n view being closer to the face and
eves and therefore further out of focus reducing obstruction.

[6060] Fig 2A and ZB dlustrate how a low-profile cage 186 reduces the distance
from the player’s head relative to a standard cage 2060 shown 1o phantom and
thereby reducing the torque during contact. The cage can be anywhere from S-
S0mm or even 5-25mm closer to the player’s face. The furthest point on the cage
from the nose may be 20-35 mm. In order to prevent the cage making contact with
the player’s face with the reduced offset, examples of the helmet may use a
combination of 2. 8mm or greater diameter metal wire for stiffness. However, the
cage can utilize other materials, diameters, and cross sections of wires. Furthermore,
the cage minimizes the use of low radius bends that deform under load in favor of
higher radius bends and may also include the use of arches.

[8061]  As previously discussed, to further mimimize the torque on the wearer’s
head, the vertical wires 202 are placed on the inside of cage rather than the

7
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horizontal wires 204 to prevent the cage from catching an opposing cage. The wire
ends are welded to the perimeter wire 206 and thus the wire ends of the vertical
wires are disposed on an outer surface of the cage.

[8062]  The cage 15 otherwise operated like a typical hockey cage. The cage 1s
attached to the helmet via clips and the chin cup 1s mated to, or within 20mm of the
user’s chin.

[8063] Helmet examples that comprise a cage with a smaller offset improve
safety by reducing torque to the head and the accompanying rotational energies by
5-25%, proportional to the reduction in the lever arm. The distance measured on the
median plane and parallel to the basic plane, as defined in ASTM F513-12 between
the inside of the face protector and Points K and Sn on the facially featured head as
defined in ASTM F513-2 form can be as much as 60 mm. The low-profile cage
reduces that by up to 65% with the limiting factor being clearance for the nose.
ASTM F513-2 15 incorporated herein by reference in its entirety.

[0064] The basic plane and reference plane indicated in ASTM F513-2 are useful
in describing certain aspects of examples disclosed herein. The basic plane 1s a
plane that is located at the level of the external upper borders of the ear canal
(external auditory meatus) and the inferior margins of the orbits of the eyes. The
tfrontal plane is a vertical plane that is perpendicular to the median and reference
planes and passes through the top of the head form. The horizontal plane is the
plane that passes across the head at right angles to both the frontal and median
plane. The median plane 1s a vertical plane that passes through the head form from
front to back and divides the head form into right and left halves, and the reference
plane s a construction plane parallel to the basic plane of the head form at a
distance from 1t which 1s a function of the size of the head form.

[8065]  The above example also improves field of view by reducing the number
of vertical wires n the field of view by two {assuming 180° field of view} and
improving visibility by making the wires out of focus.

[6066] Multi-Density Layers

[8067] High Density Components may be embedded into a low-density helmet.
Optionally, in any example of helmet, multi-density layers may be used alone or in

8
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any combination of other features disclosed herein. Besides constraints imposed by
traditional manufacturing methods, the separation of distinct hardware pieces
allowed for the optimization of the mechanical properties of each part: metal screws
for shear and tensile strength, plastic clips for unusual shapes and/or flexibility,
metal nuts to minumize the risk of stripping threads for example. Therefore, helmets
employ high density components embedded into lower density helmet material. By
definition integrated hardware requires a single part to meet all the engineering
requirements.

[6068] Examples of headgear include at least two mechanisms for meeting these
requirements. The first is to continue to use multiple materials in additive
mamufacturing. One example in the context of fused deposition modeling is to have
one hot end print the energy management layer material and a second hot end to
print the integrated hardware in a second material. This approach has the advantage
of requiring minimal design changes from a traditional manufacturer while still
minimizing assembly.

[6069] A second approach, requires using a single matenial but varying the
densities or the effective infill percentages to meet the desired mechanical
properties. One example mcludes an energy management layer with a separate clip
such as an mtegrated J-clip attached to the helmet. The energy management layer
may have a low infill percentage such as <30% whuch results in a hightweight layer
with desirable energy attenuation properties, while the integrated J-chip has a 100%
mfill percentage and therefore 1s completely solid, or the J-clip may just be a higher
nfill percentage than the energy management laver and thus not necessanly sohd
The I-Chip 1s not only “attached” superficially but has a high-density foot that s
between 2 and 10 millimeters into the energy management layer and spreads across
the surface to spread any loads and minimizes the shearing of the component. The
depth ts determined by the application of the particular component, specifically
components that put more force on the helmet or where stiffness is desired will
typically require a larger foot. Additional details are disclosed below.

[8078] The advantages of these techniques include eliminating assembly as no
screws or bolts are needed and do not need to be attached to the helmet, as well as

9
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providing lighter weight. The lack of traditional metal hardware having material
optumized designs significantly reduce mass. Direct attachment to the energy
absorbing energy management layer, rather than a hard shell, allows the further
attenuation of impact forces to the wearer, particularly from impacts to the
mtegrated hardware or any component in contact to the mtegrated hardware.

[8078]  Additionally, using varying density lavers may also help with reduced
material utilized in the helmet and therefore reducing helmet weight and cost.
[8072]  Any of these multi-density features may be used in any helmet alone or
optionally in combination with any of the other features disclosed herein.

[8073]  In other examples of variable density layers in a helmet, the density of the
energy management layer may vary in any number of directions and patterns, e.g.
front to back, side to side, and normal to the head going vertically away from the
helmet. For example, one density of honeycomb like pattern may be close to the
head, and another density in the same or different pattern may be disposed away
from the head. In another example, a layer of material may be disposed in between
two different density infills. This layer can be the same or a different material, a
stiffer one to disperse impact energies or a lighter one to simply act as internal
scaffolding during the printing process. Another example comprises infill patterns
of the same density. Still another example comprises different infill patterns and
different densities throughout the energy management layer. Any of these examples
may be used alone or in any combination with other features disclosed herein inany
helmet.

[8074]  Using multi-density patterns mmprove 3D printing surfaces by providing
adequate print support where needed and also helps to avoid having holes on top
surfaces. Also multi-density patterns mcrease shell stiffness by up to 2x-20x by
placing high density infill against the outer shell, and can decrease peak
accelerations by up to 100% for high velocity impacts using ASTM F1045-15
impact standards with 4.5 m/s or greater velocities, or decreases peak accelerations
by up to 50% for low velocity impacts using ASTM F1045-15 impact standards
with 4.0 m/s or lower velocities. Multi-density paiterns also provide a softer surface
closer to the head with a density up to 100% less.

10
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[6075]  In any helmet example, a single pattern, single density 20% cubic infill
using Cura 3.5 software may reduce helmet weight by up to 50%, can reduce the
thickness of the outer shell by up to half, may increase shell stiffness by up to 5x by
placing high density infill against the outer shell, as well as decreasing peak
accelerations by up to 50% for high velocity mmpacts using ASTM F1045-15 impact
standards under 4.5 m/s or greater velocities, or decreasing peak accelerations by up
to 100% for low velocity impacts using ASTM F1045-15 impact standards under
4.0 m/s or lower velocities, and may provide a softer surface closer to the head with
a density up to 400% less.

[6076]  Sweat Gutiers

(860771  Athletes sweat during play, which is further exacerbated by the insulating
properties of a helmet. It 15 becoming more common to have various silicone wipers
affixed to the inside of the helmet to redirect sweat like a rain gutter or to wear
special headbands to absorb or redirect sweat from the eyes. Optionally in any
example of a helmet disclosed herein integral wipers in the helmet design may be
used, thereby eliminating assembly challenges and ensuring the correct positioning
of these wipers to redirect sweat to the side of the head. The optional sweat gutters
may be personalized to fit a helmet where the helmet 15 known to be a set distance
from the forehead enabling the precise positioning of the gutters against the
forehead. Too loose and sweat will bypass the gutters and too tight will cause
discomfort to the wearer.

[8078] Oune or more sweat gutter elements may also be mtegrally formed with
any of the examples of the headgear disclosed herein, using the same techniques as
the fasteners described herein.  These sweat gutters are often protuberances that
extend outwardly from an mmmer surface of the helmet toward the head engaging the
forehead comfortably. Or channels may be formed on the nner surface of the
helmet. Thus, as beads of sweat run down the forehead, the guiters or channels
divert the sweat beads laterally away from the eyes. Moreover, the position and
design of the sweat gutters may be personalized to match the helmet wearer’s
anatomy thereby ensuring that the sweat beads are directed away from the eves and
do not flow under the sweat gutters while providing comfort to the wearer.

it
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[6079] Fig 36 illustrates an example of sweat gutters. In any example, the sweat
gutter may utilize a 2-4 mm thick closed-cell ethylene-vinyl acetate comfort foam
with a pressure-sensitive adhesive backing affixed to the mside front brow of the
helmet, above the eyes. Any matenal could be substituted, mcluding non-foam
materials such as fabric, injection-molded foams, silicon, polymers with durometers
below 98A and materials designed to reduce skin friction such as fluoropolymers,
and combinations of these. Any helmet may have one or more channels 3600
positioned above the eyes that are at 0.2 to 25.0 degree angle from the horizontal
and 1-5mm thick sweeping away towards the ears. Higher angles are more effective
at channeling sweat away under a variety of circumstances but require more vertical
space in the helmet. Any example may have a break in the pads to accommodate
venting and cooling the face. Gutters 1005 may be present and allow for painting,
Additional disclosure on gutters 1005 are elsewhere in this specification. Sweat
gutters in this or any example may be integrally formed with the helmet or they may
be independently attached to the helmet.

[6080] Fig. 37 shows an example of gutters 3700 placed n the forehead or brow
portion of a helmet to divert beads of sweat away from the eyes.

[6081] Fig. 38 shows another example of sweat gutters. Continuous channels
3800 across the top of the brow. However, any number of channels, orientated at an
angle from the horizontal will be effective. Furthermore, while chanunels are cut
through the 2-4 thick foam in this example, embossing channels 0.5 -Zmm mm
above the surface, debossing, laser etching 0.Smm - to the depth of the material are
also alternative examples of sweat gutters.

[0082]  Indegral Fasteners

[6083] Helmets used m contact sports requiring a face cage (hockey, lacrosse,
football, etc.} utilize various hardware, most commonly nuts and bolts, to fasten the
cage to the helmet and possibly to attach other accessories (e.g. visors, cameras,
straps) to the helmet. This hardware adds assembly time, manufacturing
cost/complexity, a point of failure from rust and impacts and 1s visually disruptive to
the design. Any helmet example herein may have hardware which is integral with
the helmet as described herein, and not require separate, discrete hardware

12
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components such as bolts, screws, nuts, etc.  Integral fasteners help prevent direct
contact with the head during an impact and also mcereases the effective offset
avatlable to absorb energy.

[6084]  Any helmet may use additive manufacturing {e.g. 3D printing) or other
processes known in the art to integrate hardware into the helmet, and may also
inclhide other individual solutions such as those described herein.

[6085] The disclosure below describes various examples of integrated hardware
such as front cage mounts and what would traditionally be J-clip mounts on the side
of a hockey helmet.

[8086]  Headgear such as helmets often include a face cage to protect the face
while still allowing unobstructed viewing. These cages are often attached to the
helmet using separate metal or plastic fasteners which can easily rust and fail or be
damaged due to point impacts. Other fasteners may be used to attach other items to
the headgear such as straps, cameras, lights, etc. These fasteners can similarly also
tail. Using modern additive manufacturing processes or other manufacturing
techniques known in the art allows these fasteners 1o be imtegrally or monohthically
formed with the helmet itself and thus no separate assembly of the fastener with the
helmet 1s required. For example, the front cage mounts and J-clips on a hockey
helmet may be made with additive manufacturing processes such as 3d printing so
they are integral with the helmet tiself.  And thus also allows the hardware to be
designed to have optimal mechanical and energy absorbing properties that are
desirable durtng use. Also, the hardware may be designed to make manpulation
and use of the hardware easier, such as by allowing one handed use or facilitating
use by a gloved hand. The fasteners or any hardware may be formed from the same
material as the helmet or a different matenial may be used. Integral fasteners may be
optionally included m any helmet design.

(00877 Energy Absorbing Cage Mounts

[6088] Hockey helmets (and other helmets) typically use a combination of two or
more cage clips that fix the cage to the helmet allowing 1t to pivot and two J-clips

that act to hold the cage in place. In hockey, sweat tends to rust the bolts used to
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fasten the clips complicating the removal of the cage or in extreme circumstances
leading to premature failure.

[6089]  The clips may be high density components mounted to a lower density
component of the helmet. Traditional bolt holes may still be present to facilitate the
use of fasteners to allow the removal of the face cage by the wearer. Like the
examples herein, the high density mounting surface provides strength while the low-
density backing provide energy absorption mimimizing the risk of head trauma.
[0090]  Quick Clips

[86091] Hockey helmets often have two cage straps, one on each side, to anchor
the cage and prevent the cage from swinging out, away from the player, pivoting on
the cage mounts. The straps are traditionally affixed to a button on the backside of
the helmet. As players wear thick gloves and the buttons are 1n a blind spot,
securing the straps is challenging and in some cases, may lead to a partially secured
cage. Like other hardware, the metal buttons rust and deteriorate over time.

(80921  Quick clips may be integrally formed in any example of helmet herein,
with the outer shell layer formed by additive manufacturing processes such as 3D
printing.

[6093]  Quick clips may be used with any example of helmet herein, and may be
used to help engage and disengage the cage. Detailed below 15 an additional
example comprising a clip made of TPU or another polymer with a Shore durometer
between 80A-80D. The polymer should be durable enough to withstand impacts,
stiff enough to function as a cage fastener and flexible enough to provide a pivot (if
a traditional pin and socket aren’t utilized). The fastener 1s hollowed out at various
points to provide the 1deal combination of weight, strength and flexibility for the
intended use case, specifically the lever arm performs best with a high stiffness, the
pivot with a lugh degree of flexibility and the base with an intermediate stiffness to
dampen impact forces while disallowing excessive movements of the cage such as
impacting the face or disengaging from the quick clip. The quick clip may include
several components including a pivot which can be a traditional pin/shaft which
turns in a socket or can be a virtual one where the {astener thins out to allow tlexing
without any permanent deformation of the fastener; the lever may be made of the
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same material or a more rigid material to minimize the profile, or portion of the
quick clip that extends beyond the helmet. The geometry of the lever 1s angled to
allow the full depression of the lever to the helmet allowing the release of the cage,
either by gravity pulling the cage away or a gentle pull from the user. Also, the
hook that cradles the bottom portion of the cage, must extend to at least the
midpoint of the wire of the cage to avoid accidental release, and the fastener also
has angled surfaces that guide the wire cage into the hook to accommuodate
manufacturing tolerances in the cage.

[6094] The clip may expand out when the cage is pressed into it and then
compress to hold the cage in place, typically requiring iess than 100N of force to
attach (i.e. push in} per clip. Alternatively, the levers can be utilized to open the clip
and allow the cage to attach effortlessly.

[8095]  The quick clip may be used on only one side of the helmet to aliow a
single-handed release. With the other side utilizing an optional integrated J-clip that
retains a relatively lose hold on the cage but braces the cage from pivoting up
towards the plaver’s face. Finally, it’s also possible to create the chips in whole or
part out of metal, or a polymer using techniques known in the art. The previous
descriptions are disclosed in greater detail in the description and figures that follow.
[0096]  Fig 3A and Fig. 3B tllustrates how the cage 106 15 attached to the helmet
100 via the quick clips 102 and the center clip 104, Fig 3B further shows how the
cage pivots on the center chip from a position away from the face to one which locks
the cage via the quick chips.

[8097]  Fig 4 15 a close-up showing the cage locked into the quick chips. The
major components of the clip are ramps 480 that guwide the cage nto a physical
tatching feature 402, A pull lever 484 allows the user to pull the clip away from the
head, pivoting at 406 and freeing the cage either from gravity or the user pushing
downward on the cage.

[6098] Fig. 5A and Fig 3B illustrate a perspective view and end view,
respectively, of one example of the quick chip which may be used with any helmet.
The overall width of the clip may be 5mm to 25mm with 15 to 20mm providing a
balance between weight, retention strength and ergonomics {the quick clip should be
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operable by a hand, sometimes with a glove on). In any example, the entire
mechanism may be made of thermoplastic polyurethane with a Shore Durometer of
85A or more and a yield elongation of at least 10% to allow bending at the pivot
without any permanent deformation of the quick clip. However, the part can consist
of any material and dimensions that provides a combination of durability, flexibility
at the pivot and energy absorbing properties on impacts.

(60991 A ridge or texture 500 underneath the quick clip allows better engagement
with a bare hand or one wearing a glove to ease pulling the lever.

[60106] The base of the quick clip 582 15 comprised of a wedge that allows it to be
wedged into a female counterpart on the helmet and bonded with an adhesive or
solvent appropriate for the polymers in use. Alternative methods of attachment
include the use of a bolt and nut or fabricating the part directly on the shell or
outermost service of the helmet. Or the quick clip may be integrally formed with
the helmet during additive manufacturing processing such as via 3D printing,
[00101] A retention tunnel 504 i1s where the wire cage rests when the quick clip is
fully engaged. The diameter of the tunnel may be .01mm to 3mm greater than the
wire it encapsulates, or any size as needed. Any less and the difficulty of
engagement increases, any more the cage may rattle while retained and the
probability of accidental disengagement increases. The underside of the tunnel 4062
mimics the shape of the underlying portion of the cage to maximize engagement. Hs
geometry is specified to lock the cage further by pulling the quick clip closed when
the cage 1s pulled downward without releasing the lever. The topside of the tunnel
may be flat to faciiitate varyimg tolerances in cage dimensions, specifically the
width.

[80102] The guide ramps 4680, typically between 20 to 70 degrees from the
vertical or entry point of the cage. The ramps guide the cage wire into the latching
mechanism and simphfy attachment.

[60103] A lever at least 15mm from the center of the wire to the edge of the lever
can be pulled to release the cage. Specifically, pulling the lever away from the

helmet opens up the hook so the cage can drop out, or be pulled out of the retention
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tunnel. Examples may optionally include texture and ridges on the underside to
facilitate grip when pulling on the latch.

[80104] The pivot 406 above the hook works with the lever to allow the clip to
open. This example has an mplicit pivot by using a flexible matenal for the quack
clip and by thinning the region above the retention tunnel relative to the rest of the
clip. However, the pivot can utilize a physical pivot consisting of a metal or plastic
pin or spring if desired.

(80105} The manner of using the quick clips may include swinging the cage along
the center clips as previously discussed in Fig. 3A and Fig. 3B. When the cage
approaches the helmet the wires of the cage are forced along the guide ramps into
the retention tunnel. While placing one hand on the top of the helmet, the player can
push the cage towards their face with the other hand until a subtle click 1s felt
indicating the helmet 15 now latched into the quick clips (optionally one on each side
of the helmet).

[80106] To disengage the helmet, the player puts a hand on each side of the
helmet. The thumb is used to pull the lever on each side of the helmet away from
their head while using their index fingers to push the cage down. The cage will drop
and pivot off the front clips with ease.

[00107] Fig. 6 dlustrates a dummy clip that can be utilized on the left or night side
of any helmet in lieu of one of the quick clips. Doing so enables one hand operation
of the cage. Like the quick clip, ramps 708 guide the cage into the dummy clip. A
small notch 782 helps retain the cage and the area on the top of the clip 704 can flex
to facilitate the release of the cage. The size of the notch and the corresponding gap
in the dummy chp determine the ease of the release and retention of the cage.
[60108] Fig 7 illustrates another example that may be used with any helmet,
where the chip 1s bolted onto the helmet via two or more holes 888 with bolts,
screws ot other fasteners. Guide ramps 802 and a retention hook 804 operate as
previous examples. This clip may use at least two bolts to secure the clip to the
helmet. Additional holes facilitate the ability to adjust the vertical position of the

clip by unscrewing and screwing the chip mto position.
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[60109] Fig 8 illustrates another example that may be used with any helmet, that
utilizes multiple bolt holes 98¢ and a J-clip mechanism 982 where the clip utilizes
magnets located in a pocket 804 to atiract and hold a magnetic cage (e.g. low carbon
steel) in place. The use of neodymium or other powerful magnets provide strong
magnetic forces though the chip but can use any magnetic material. A non-magnetic
cage {e.g titanium, magnesium) can be used when coupled with magnets along the
top edge to mate with the clip.

(80110} Fig 9A, Fig 9B and Fig. 9C illustrate front clips imtegrated into the outer
shell layer and that are used to help mount the cage to the shell. Specifically, two
downward facing clips 600 are coupled with a 602. The latter is optional but
enhances retention required to secure the cage for higher velocity impacts (e.g. 160+
mph hockey puck impacts). Any of these examples may be used with any of the
helmets disclosed herein. Chamfers on each side of the clips 604 increase clearance
when the cage 15 raised. Mint ramps or radiuses 606 facilitate mounting the cage
into the clips. A hook 608 facilitates cage retention on impacts.

[60111] In any example, the clips are made of thermoplastic polyurethane with a
Shore Durometer of §5A or more. However, the part can consist of any material that
provides a combination of durability, flexibility to snap the cage into and energy
absorbing properties on impacts. The front clips are directly printed onto the shell
and/or energy management layer of the helmet The clips themselves are solid or
more than 30% infill to maximize the strength while nurumizing how much they
protrude from the helmet. The backing of the clips may also be solid with
decreasing density as it approaches the head. This variable density maximizes
strength and stiffness near the cage while minimizing weight and providing some
energy attenuation closer to the wearer’s head.

(80112} The clips may be spaced at least 4 — 8 cm apart measured outside to
cutside. Any less and the cage may easily twist out on impact and will wobble on
opening and closing the cage. Any wider and the cage requires a long straight bar
across the top leading to an awkward cage with gaps along the front brow of the

helmet.
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[60113] The opening of the clips may face down such that the force from frontal
impacts are perpendicular to the opening of the ¢lips. The ends of the clip touch to
maximize the grip and surface area engaging the cage.

[00114] Chin Cup

(80115} Chin cups are mtended to help position and anchor the helmet into a
destred position on the head and in the case of hockey, to provide some attenuation
of forces to the chin from impacts to the mask. To date, most chin cups are a
flexible rubber like plastic or a thick foam. The former only helps position the chin
guard, while the latter is typically at least 15mm thick at their thinnest point at the
point of the chin. Examples of improved chin cups are disclosed herein, may be
used in any helmet, and provide at least some of the following advantages: more
effectively distributes forces across the entire chin; facilitates a thinner chin cup for
the same impact absorption, which in turns facilitates a lower profile cage; provides
effective height adjustment for additional comfort and 1mproved safety via better fit;
stiff chin cup mounting plate to distribute forces; and vents for fluid (sweat, water,
sports drink} drainage.

[80116] Any example of a chip cup may imclude a clip that has enough friction to
stay in place on the cage and shde up and down the wires in the cage. A softer
material or one with less infill or less density functions to cradle the chin. A stiffer
material, or one with more infill or higher density to provide an effective barrier is
utilized to prevent the cage wires from digging into the chin cup. Guides mside the
chin cup channel moisture and sweat imto vents that drain the fhids away from the
player. The guides secondanly provide ventilation.

[80117] A vanable density or multi-material chin guard may have a stiffer
material placed against the metal cage and a softer material or lower density version
of the same material for comfort, conformance to the chin and absorbing energy
from lower velocity impacts. A chin cup wherein the cage attachment mechanism
comprises one or more flexible or stiff clips that shide along the rails of the cage
providing adjustability in fit. A chin cup with vents and drainage along the bottom

of the chin cup to allow the drainage of vanous liquids and prevent the
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accumulation of fluids or moisture n the pocket of the chin cup. A chin cup that’s
up to 30% thinner measured from the chin to the backside of the chin cup.

[60118] Occipital Cushion and Retention Mechanism

[B0119]  An occipital cushion may be used in any example of helmet and provides
a comfortable and configurable padding mechanism for a particularly sensitive area
of the head. The cushions can be replaced with different sizes and densities to
provide a custom fit. The cushions are attached to a trampoline mechanism that
provides a spring like mechanism and additional support/flexability.

[60128] Fig. 10A, Fig 10B and Fig. 11 show an occipital cushion and helmet
retention mechanism that may be used in any of the examples of helmets disclosed
herein. The occipital cushion may be coupled to the helmet with a trampoline
mechanism composed of an occipital pad 10600, one or more armatures 1002, that
tacilitate movement away from the head and an optional spring mechanism 1604,
Grooves 1005 are discussed below.

[60121] In any example, the entire mechanism is fabricated via additive
manufacturing, as a single part integrally along with the helmet and made of a single
polymer, like Thermo Polyurethane with a Shore Durometer between 85A - 100A or
more and an elongation of vield of at least 10% to allow bending at the arms 1082
without any permanent deformation of the occipital trampoline. However, the part
can consist of any material and dimensions that provides a combination of
durability, flexibiity at the pivot and energy absorbing properties on impacts.
(801221 The overall spring force provided by the arms 1002 and springs 1064 15
between 5 and 50N upon depressing the occipital pad 10mm.

[60123] Assembly

[80124] The helmet may be fabricated as a single monolithic or integral helmet or
it may be fabricated 1n various sections which are then coupled together. For

example, pins may be used to help align and join sections together, and/or dovetail

joints may also be fabricated into the helmet sections to help join them together.

Vartous adhesives and solvents may also be used to help join sections of the helmet
together.
[60125] Assembling Large Parts from Subcomponents
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[60126] Attachment interfaces coromon in injection molding, typically don’t
translate well with additive manufacturing, specifically fused deposition modeling,
due to geometries that are may be too thin, require supports or don’t operate well in
the allowed tolerances. Some of the following techniques may be used i any of the
examples of helmets alone or in combination with one another to assemble a helmet.
(80127} In any example, pins may be used that help align parts but also pull the
parts toward each other to minimize unsightly seams.

(80128} In any example, dovetails, similar to what’s used i furniture but of a
geomeiry that’s printable without supports may be used, are self-aligning and have a
lip that replaces the dovetails with a single straight line.

180129} Ultraviolet ight (UV) or heat cured epoxy may be used to adhere
components together.

[00136] UV/ozone/plasma/heat surface activation may be used to facilitate
adhesion of components together.

(80131} UV curing through TPU exploiting non-absorbed wavelength may be
emploved.

[60132] Relaxation via controlled temperatures that minimize the warping and
thermal stresses built up during 3D printing layer upon layer. The relaxed parts
provide a better fit and finish.

[60133] Helmets may be designed for printability such as orienting air channels in
the vertical direction.

[80134] Various chemicals may be used to solvent bond {e.g. using DMF solvent)
components together,

[60135] Pins that Align and Pull Parts Together

[80136] Pin holes may be placed by software optimized to munimize the number
of pins to reduce assembly, but with sufficient coverage to msure alignment of the
seams. Fig. 42 15 one example of the pins placed into the helmet. The geometry 13
designed to encourage a press fit that subsequently applies pressures against two
parts. This invention is optimized for additive manufacturing, requiring no support
and addresses the warpage of parts by applying pressure to flatten adjacent surfaces
facilitating the use of adhesives for a more permanent bond.
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[60137] Fig. 42 shows part A 4200 and part B 4201 of a helmet joined by a peg
4202 with enlarged oppostte ends that help draw part A and B together.

[60138] Another example of a pin provides a suction cup like attachment to serve
the safe function as the pin via a mechanical mechanism.

[00139] Biscuits

[B0148] Traditional pins and clips for part alignment and/or joining of plastic parts

may be ilf suited for flexible materials. Small pins may be too flexible to facilitate

joining and larger pins/clips may be difficult to print without adding weight,

complexity, compromising aspects of the design.

[60143] Biscuits may be used to help jomn sections of the helmet together in
combination with other joining processes such as solvent bonding, adhesives,
thermal energy to fuse materials together, etc. The use of biscuits and joining
techniques may be used with any example herein.

[60142] After printing independent segments, biscuits {discs, toroids or loops, or
other shapes known in the art) may be used for alignment prior to welding. Such
biscuits may be flanged, textured or curved in the manner of a lock washer to
provide greater friction. The negative space for the biscuit 1s printed in place,
mcluding features 1o key 1n place such as fitting to a hole.

[00143] Examples may include two biscuit receptacles of irregular shape for
keying to another segment on the flat plane. The process allows the use of rigid
biscuits to align elastomer parts using pre-made receptacles. Biscuits in the form of
conventional flat washers align the components together.

[00144] Dovetail Specific Innovations

[60145] Software maybe used to generate dovetail surfaces with configurable
setbacks and tolerances to make assembly possible and a uniform finished seam.
[80146] Fig. 43A shows a side view where Part A 4300 1s joined with part B 4301,
A gap 4302 1s disposed between part A and B, Also, a hip 18 generated so the front
view shown in Fig. 43B hides this. The jagged edge allows Part A and Part B to
slide on top of each other for assembly.

[60147] Helmet Baking
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[60148] Optionally, any helmet may be formed from materials which may be
placed 11 an oven to heat up the helmet or be otherwise heated using other
techniques. The helmet owner may then place the helmet on the head or tn a jig and
form at least a portion of the helmet to match the shape and contour of the wearer’s
head. The entire helmet may be shaped, or only portions maybe shaped. The entire
helmet may be heated and all or select portions may be shaped, or only portions of
the helmet may be heated and shaped. For example, a hot air gun may be used to
heat localized regions of the helmet.

80149} In any example, the helmet s comprised primarily of an energy
management layer which sits on the head and comprises the bulk of the offset
between the head and the outermost laver of the helmet. In any example the energy
management laver 1s made of a thermoplastic polvurethane. However, the part can
consist of any material that becomes moldable above 125 degrees F, or another
destred temperature.

[80156] In any example, the helmet may be molded by placing in a convection
oven between 150 — 175 degrees F for five minutes. However, it is possible to bake
as low as 125 degrees F for a longer duration and as high as 225 degrees F for a
shorter duration. This softens the helmet matenials enough to be shaped. To make
the helmet wider or narrower, the helmet may be placed n a vise, special purpose
Jig or similar mechanism to squeeze the helmet and change the overall interior
dimensions from an oval to rounded shape or vice versa.

[80151] In order to shape the helmet to the smaller variations of a user’s head, 1t
can be placed i an oven at 175 degrees F for at least two munutes or 150 degrees ¥
for at least five mimites. The lower temperature may be more comfortable for
children or people who find 175 degrees F too hot. Placing the helmet on the
wearer’s head 11l the helmet reaches room temperature will mold the helmet to the
wearer’s head.

[60152] It may be useful to remove the ear loops, chin straps, chin strap clips,
cage and chin cup as part of this procedure. Metal parts on these accessories may be
sncomfortable to handle when heated. Other plastics may have unpredictable
behaviors when heated and cooled. Removal 15 optional.

~
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[00153] Construction

[80154] A helmet may be attractive, light, comfortable, protective and affordable
to manufacture. These qualities may be traded off. For example, a very thick
helmet can be more protective, but will be heavier.

[80155] Commercially available helmets typically have an injection molded outer
plastic shell. A separate, discrete, or non-integral foam energy management layer is
then attached to the outer shell. Having many fabrication steps results ina
cumbersome and costly manufacturing process. Rigid materials, typically mjection
molded, vacuum formed or die-cut, require special mechanisms to allow a
comfortable fit. This himits the available trade-offs for a created helmet.

[80156] Improved processes disclosed herein allow a single 3D printed fused
filament additive process to simultaneously create a shell, an energy management
{impact absorbing} layer, and an optional comfortable liner against the skin, or
sections that can be easily joined together. Other additive manufacturing
techniques, including but not limited to stereohithography, digital hight processing,
selective laser sintering, electronic beam melting, laminated object manufacturing
and binder jetting, can also be used in conjunction to these processes.
Manufacturing may also entail multiple individual parts created that are
subsequently bonded or attached.

(60157} 3D printing allows a more attractive appearance by not requiring shapes
that allow mold release, vacuum forming or die cutting. Customized design
elements such as player name or team logo may be incorporated on each helmet
without additional tooling. Comfort 15 enhanced by manufacturing for the
customer’s requirements {for example, head shape) and by the choice of printed
structures described herein, mcluding heat and sweat management and air flow. The
helmet can be more protective and lighter by continuous vanation of density and
structural orientation of inner material. The manufacturing process has fewer steps
and toohing for reduced costs.

[60158] Alternative Energy Management Layer Infill Geometries

[80159] Fig. 12 through Fig. 35 show an example of helmet construction that may
be used in any example of helmet disclosed hergin. There are optionally up to seven
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layers, designated parts A through G. Parts B through F are created simultaneously
during 3D printing of thermoplastic polyurethane, and Parts A and G are applied
after printing. Any one or more of the seven parts may be included in a helmet.
Additional disclosure related to Parts A and/or Part B may be found in the Surface
Treatments section below and the Polymer Shell section below. Additional
disclosure related to Part D may be found below in the Energy Management Lavyer
Optimization section below.

[80160] Figure 12 shows a front portion of an example of helmet together with
helmet section 1006 referenced in Figs. 13-35. Phantom lines represent the portion
of the box that would be hidden by the helmet exterior. The detail area chosen 18
representative of the construction of the entire helmet. Fig 13 and Fig. 19 show all
seven layers from two possible perspectives. Remaining Figs. 20-35 illustrate
layers peeled away from each perspective.

[60161] Part A is an outer coating made of a polymer compatible with the 3D
printed material to which 1t 1s apphed. 1t may vary in thickness and cosmetic
qualities (e.g. color) facilitating custonuzation. The coating may be of polyurethane
or any other material that bonds directly to the 3D printed material. The material
should provide complementary material properties (coefficient of expansion,
strength, elongation) to the underlying material to avoid cracking. Resistance to
heat and cold, resistance to abrasion and resistance 1o moisture are other
considerations that vary by sport. The coating may reduce the friction of impact,
facilitating rotation of the helmet relative to an mmpact surface without rotating the
head, thereby reducing the probability of a concussion. Additional disclosure
related to Part A may be found in the Surface Treatment section and/or the Polymer
Shell section below.

[80162] Inany example a .05mm to lmm laver forms part A, and is spraved in
multiple coats to achieve the minimum thickness needed to smooth over defects on
the surface of B such as 3D printing laver lines. The thickness needed may vary
across the surface depending on the 3D printing process. The coating may be
modified to hold any number of pigments, dyes, retardants, thickeners, modifiers or
reinforcers such as carbon black, titamium dioxade, glass, fumed silica, graphene or
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fluoropolymers. The coating may be applied as an atomized spray, by brush,
tmmersion, vapor deposition, or other conventional means. Solvents and adhesion
promoters specific to the 3D printed material may be used. Materials cured by heat
and/or ultraviolet light may be used.

[80163] Part A may be a different color than the 3D printed matenial to create an
attractive appearance, represent team colors, ete. Regions of part A may be masked
off, printed on, debossed, or a texture applied by using pressure or heat after 3D
printing. Groove 1005 in Figs. 10A, 10B and 12 are formed during 3D printing to
postiion a mask used to restrict the application of A to desired areas.

[80164] The groove 1005 which runs alongside the bottom of the helmet, 15
between 1 and 4mm thick and 1 and 12 mm deep allowing the insertion of a mask
circumventing the entire helmet, or any portions that may be coated associated with
Part A

[60165] Furthermore, in this example the groove allows the insertion of an ear cup
into groove 1005, The ear cup 1s held in place via a bulge in the ear cup that is press
fit into a corresponding bulge in the groove. The ear cup itself may be used to hold
and align helmet subcomponents as part of assembly.

[60166] Part B s a 3D printed .0Smm to 3mm skin that determines the exterior
shape to which part A s applied. ¥t provides a substrate for Part A to flow over and
form a smooth surface before A cures. For cosmetic reasons, there may be areas in
the helmet where this 15 laver is absent to enable viewing the underlving layers.
Figs. 13, 18, 19 and 25 show parts A and B of a helmet.  Additional disclosure
related to Part A may be found in the Surface Treatment section and/or the Polymer
Shell section below.

[80167] Part C supports part B and connects 1t to part D, providing enough rnigidity
to A during manufacture to avoid deformation. Additionally, the structure provides
support while additive manufacturing part A and helps to stop tears. Fig. 14 shows
a helmet example which may have a periodic Smm hex pattern with .2 to &mm
walls orignted normally to the exterior in a honeycomb formation. Figs. 17, 21, 26

and 31 show part C of the helmet.
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[60168] 3D printing produces different structural properties depending on
orientation of a planar surface with respect to the print bed. In one case, a
hexagonal mfill 15 deliberately deformed or simply rotated to minimize the presence
of horizontal surfaces. Orientation of printing planar surfaces relative to the print
bed may be adjusted in order to vary structural properties of the helmet.

(80169} Part D 1s a structure which may be comprised of individually constructed
gas-containing cells optimized to reduce linear and rotational acceleration for
impacts expected for the sport, age and demographic of the user. It also serves to
support part C during manufacture. Figs. 16, 22, 27 and 32 show part D of the
helmet. Additional disclosure related to Part D may be found in the Energy
Management Layer Optimization section below.

[60170] Part D may have a closed cell structure and may be of spatially varying
density. Cell walls may be oriented tangentially or varying angles to direct forces to
reduce angular acceleration on impact, or ortented to facilitate additive
manufacturing. The cell structure may be periodic. The cell structure may include
surfaces that mimimize surface area, weight and/or angle of wall intersection. The
cell structure may be based on a Voronoi partition of space using points distributed
to control density and orientation followed by computational optimization of
material and bulk matenial characteristics such as density and viscoelasticity. The
cell structure may be optimized to reduce acceleration during impact using finute
element simulation. Some cells may be filled with air, a gas with preferred kinetic
absorption such as argon, or a dilatant, shear thickening or energy-absorbing foam
or fluid. Some cells walls may have small holes to allow shock absorption and
pressure equalization.

[80171] In any example of a helmet such as ilustrated in Fig. 15, cell walls may be
2 to &num and awr filled. Cells may be denser farther from the head, at a density
consistent with the Smm structure of part C, while mcreasing in size towards the
wearer to be more conformal as the head is approached, growing up to 15mm.
(80172} In any helmet example, infill may alternately be formed by Voronoi
partitioning of the interior space of the helmet, with partitions designed to produce

fine support surfaces that appear normal to the outside surface, and larger partitions

~t



WO 2020/092952 PCT/US2019/059464

10

20

25

30

occur on the inside. This allows more efficient use of material. The partitions may
also be formed to nunimize matenial following Plateau’s laws of surface
mimimization, or by evolving the infill using the mathematical concept of mean
curvature flow. The partitions may also be created by tetrahedralization of the
exterior 31 mesh, mapping an arbitrary density function by means of the 3D analog
of algorithms for generating cartograms, conformal projection of a grid, or other
diffeomorphic techniques. This technique may be used to create infill with
tetrahedralization with fine structure near and normal to the outside, and coarse
structure closer to the head.

(80173} Part E may bea .2 to .8mm wall that connects the closed cells of part D to
the open cells forming comfort lining part F. It serves to support part D during
manufacture and closes off cells, while supporting part F only at minimal periodic
locations. This aliows the comfort lining to remain compliant while remaining
connected to part D. In this example or any example contact between E and F 15
established in 1mm diameter regions spaced approximately 5. 5mm apart along a
hexagonal grid. 1t may be farther optimized to minimize material needed while still
connecting D and F. Figs. 15, 23, 28 and 33 show part E of this example of helmet.
[60174] PartF is a lining suitable for sustained contact with the skin. Tt may be
compliant with a shape and contour that 15 designed to match a shape and contour of
a head. In areas not disposed against the skin part F may be flat surface that can be
customized by debossing or otherwise modifying the 3D printed model, or
customized afterward by conventional printing, pressure or heat technigues.

[80175]  Any of the cells in the energy management layer, external shell, or any
part of the helmet may be left open, mfilled with matenial to partially or fully close
the cell to create varying surfaces. This allows helmet compliance and comfort to
be varied. Any of the quilting options disclosed herein may be used in any helmet.
[80176] The qulting algortthm that may exploit the presence of infill to minmimize
material or maximize comfort. In one case, the outer pillows correspond to the
hexagonal pattern where infill meets the exterior. In another case, the outer pillows
tollow the contours of a minimal periodic or fractal infill. In another case, the infill
is designed to present a fractal or maze-like contour on the surface. In another case,

28



WO 2020/092952 PCT/US2019/059464

10

20

25

30

there 1s no nfill and the surface 1s shaped to provide comfort, such as with a
perodic patiern of exterior curves presenting a majority smooth surface to the head.
The trade-off between compliance and comfort and safety can thus be managed by
controlling whether air can flow between cells, 15 closed to a cell, or can partially
flow. Fig. 40 1Hustrates this concept where hexes 4000 are normal to the surface of
the head.

80177} One example has matenial facing the head with toroidal geometry that is
periodic on the 21} manifold of the head, such that the surface is locally nearly
minimal and perceptibly soft, constrained only by the connection to infill that occurs
within each “donut hole”.

[80178] Interior quulting may be formed by negatively curved toroidal cushions on
a triangular grid or by positively curved cushions on a hexagonal grid.

(80179 Figs. 14, 24, 29 and 34 show the example of helmet with part ¥, Ttisa
surface in which the surface touching the skin may be everywhere smooth. Contact
with part E is only at small evenly distributed points, isolating the skin from the
mternal structure of part E. The surface around these points of contact with part E
have a negative Gaussian curvature {e.g. toroidal} to allow printability: areas
horizontal to the print bed and therefore unsupported by the previously printed
layers occur only 1n small and well distributed positions. The open structure allows
mcreased comphiance and air movement to transfer body heat. In this example the
printed wall 15 .5mm, the overall depth of this layer is Smm, with contact to part E
established in Imm diameter regions spaced approximately 5. 5mm apart along a
hexagonal grid. These dimensions as well as others disclosed herein are not
mtended to be imiting and are only examples.

[B0186] Part G 1s specialized material such as foam applied at key points of contact
with the skin to provide specific properties such as increased compliance, sweat
wicking, and personalized print or deboss. The surface of this material may be
customuized for the user using conventional pigment, pressure, or heat techniques.
(80181} Figs. 13, 30 and 35 show part G n an example. The depth of G 1s 3mm,
but where 1t 1s applied to part ¥, Zmm is recessed to provide a flat adhesion surface
as seen in Figs. 14 and 34, resulting in the foam surface that contacts skin being
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dimples may be used to contact the skin/head surface.

[60182] In any example the foam may be a laser-cut closed-cell ethylene-
vinyl acetate with a pressure-sensitive adhesive backing. Any material could be
substituted, mcluding non-foam materials such as fabric, injection-molded foams,
materials designed to reduce skin friction such as fluoropolymers, and combinations
of these. Any bonding system could be substituted including solvent welding, heat
welding, ultrasonic welding, or chemical, heat or UV curing polymers.

[60183] Any of the layers may have the same or different densities and geometries
relative to adjacent or other layers in the helmet. Additionally, some or all of the
layers may be integral with one another. Therefore, in one example, a plurality of
layers are integrally formed together with varying densities in at least some of the
layers.

[B0184] Surface treatments

[00185] 1t 1s generally accepted that reducing angular accelerations on the head
reduces the probability of concussions as previously discussed above. Some
attention has been made on making the inside of the helmet slip against the scalp so
that the helmet, rather than the head, rotates upon impact. This has severe
timitations as the head and helmet are not perfectly spherical, so motion 1s limited.
Instead, the application of surface treatments to the exterior of the helmet facilitate
the same shding on the exterior surface. This surface treatment 1s particularly
applicable to hockey where the impact surfaces tend to be smooth surfaces (glass,
ice, other players) versus something like cycling where the pavement induces a high
coefficient friction regardless of the helmet surface. Helmet surface bumpiness,
materials, coatings, may be adjusted to control the surface. Also use of graphene,
nanomaterials or other materials may be used 11 the helmet coatings to facilitate
helmet shding relative to a surface.

[60186] In addition to surface treatments to improve safety, there are also
specialized processes that may be used for the preparation and mass production of
the helmet, including cleaning, priming, sanding, using various polymers or epoxies,
as well as heating, vacuuming, silica, antigravity processes.

30



WO 2020/092952 PCT/US2019/059464

10

20

25

30

35

[60187] Powder coatings and paints may help provide a desired surface. Alsoa
single continuous extrusion with mternal support using convolved/simplified space
filling curve may be beneficial.

[00188] Polymer Shell.

[60189] Commercially available helmets typically have an outer plastic shell
which has been injection molded. A foam energy management layer is then
attached to the outer shell. Injection molded helmets typically tape, glue or directly
mold the foam energy management laver onto a plastic shell. Fig. 39 illustrates
various layers of a helmet as previously discussed, including shell 3900, energy
management layer 3901, stand-off 3902, and comfort liner 3903,

[80196] This requures extensive tooling for the shell and foam and additional
tooling and expense to directly mold foam into plastic. This can be cumbersome and
costly process.

[60191] Improved processes which may be used in any of the examples of helmets
disclosed herein allow a polymer shell to be applied directly and/or integrally to the
energy management layer in a manner similar to painting where the polymer layer 1s
applied like paint such as by brushing, rolling, spraying, etc. the polymer onto the
energy management layer. The process also has the benefit of varying the shell
thickness and cosmetic qualities {e.g color) facilitating customization,

[60192] Examples of headgear disclosed herein may include a polymer-based
shell that 15 applied directly and integrally to the energy management layer with the
same benefits of paint (see manufacturing section for more details. } The shell itself
provides at least some of the following benefits:

e  Allows the creation of a thin, yet durable surface that adds rigidity compared
to the underlying energy management system alone.

# Enables different colors through dves in the polymer itself or by painting on
top of a shell {such as an epoxy-based shell) thereby allowing further
customization/personalization based on personal preference.

# Not only diffuses impact forces over a broader area, but also, in conjunction
with the underlying energy management layer, attenuates impact forces
lowering the peak accelerations experienced by the user’s head reducing the
risk of head trauma.
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5 @ Provides the opporturuty to apply low friction coatings which reduce the
coetficient of friction, thereby reducing forces and the associated angular
accelerations that would otherwise be 1parted on the head.

[860193] Energy Management Layer Optimization

10 [60194] The vast majority of helmets utihize foam to mitigate impact forces to the
head. These foams include EPP, EPS and Vinyl Nitrate in a vanety of commercially
available densities. Foam may have some of the following shortcomings - thewr
availability in fixed densities and the testing standards are such that helmets
typically only come in the highest densities to pass certification but are not

15 appropriate for minimizing concussions or optimized for energy dissipation.
[601958] Use of alternative matenals and structural geometries of the energy
management layer enhance the performance of the energy management layer. For
example, a varniable density energy management layer formed from mapping
diffeomorphisms can result in a series of modified hexagonally shaped cells is

20 proven to be a more effective energy management layer. The energy management
layer may be disposed in a number of different orientations with 1sotropic or
anisotropic properties and can vary in density and infill throughout the structure.
Any of the helmets disclosed herein may include any of the energy management
lavers disclosed herein.

25  [00196] Examples of the present helmets may utilize materials and developed
shapes (such as modified hexagon) optimized for density, energy attenuation and
manufacturability. The result may include the following lavers having geometries
hat may be or have:

e Normal to headform.
30 s (Obligue to headform to optimize rotational concerns and competitive with
expanded foams.
e Vertical hex alignment for printability.
s Triply periodic mimimal surfaces, such as Schwarz’s gyroid.
e Placement of air cavities.
35 e Use of FEA in processing.
e Testing feedback.
e Softer areas next to scalp.
s  Ability to handle repeated hits with less degradation.

-y
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¢ Filling between personalized headform and outer shell with guaranteed
setbacks.
s Variable density and orientation by mapping diffeomorphisms eg. a
conformal map.

[860197] An aspect of examples of headgear using the techniques disclosed herein
is the use of variable density and orientation by mapping diffeomorphisms. This
approach can map any shape {e g. a hex) to a selected surface (e.g. the outer surface
of the helmet} and continue to project it down into a headform. The mapping
process morphs the original shape to fit onto the mapped surface such that the walls
forming the hex will no longer form 60 degree angles, the typical angle between
adjacent walls in a hex, with each other. The use of a hex is due to its high volume
to surface area ratio as a result of a minimizing tessellation algorithm, but any shape
or form can be used as part of mapping diffeomorphisms. The resulting output has
several key properties, including those discussed below.
[00198] Minmuzing here means low wall material to volume ratios at or below
15% are feasible, which reduces matenial usage, weight and print times. Therefore,
the ability to have densities approaching that of the foams commonly found
traditional helmets. Assuming the polymer used has a density between .75 to 1.25
g/em™3, the resulting energy management can have densities below .25 g/cm”3 and
up to the density of the underlying material.
[80199] Geometries that are printable on FDM printers without supports.
Specifically, that angles from the vertical of 65 degrees or less or overhangs <1Smm
across which facilitate bridging.
802008} Desirable energy attenuation properties both in direct impacts and in
having favorable shearing properties to reduce angular accelerations to the head.
60201} The smooth transition and optimization for continuous lines between
walls, facilitating printing by minimizing start, stops and retractions and material
integrity.
[60202] Furthermore, it is possible to support variable density infills, where a
pattern can transition to a lower or higher density version of the same or different

pattern either in the normal direction to the helmet, or across the surface (e g

(98
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transitioning from the front to the side of the helmet). The seamless transition
between lower and higher density regions within the energy management layer
provide the following benefits:

& A softer region against the head 1s typically more forgiving and comfortable
for the wearer and may obviate the complexity and offset requirements of an
additional comfort liner.

e A very dense region near the outer surface of the helmet further distributes
the impact forces over a broader area, complementing any existing hard shell
or hard shell like surface.

¢ Optimal umpact attenuation for a given weight

(60203} Finally, it 15 possible to reorient the patterns, hexes in this example, to be
transverse along the head instead of normal (as seen in Fig. 40) to optimize for
particular impact scenarios.

[060204] Digital Manufacturing and Mass Personalization,

[00205] Using some or all of the techniques disclosed herein allow the helmets to
be personalized to match the user’s head more precisely thereby providing a more
comfortable helmet and a safer helmet. Personalization also allows a wearer’s
preferences to be incorporated into the helmet such as with respect to color and
other optional ornamental features. Inside-out manufacturing techniques also
facilitate the production of a personalized helmet where the energy management
tayer 1s produced and the outer polymer shell layer 1s added on top i a sequential
manner. An optional comfort hiner, either personalized or a standard liner may be
added to the energy management layer. It may be a fixed width liner that i1s added in
order 1o conform to varnances in the head that may be too small to detect with
photos or 3D scanners.

[80206] The following outlines examples of processes and algorithms for enabling
mass personalization via a platform that digitizes the customizable inputs {e.g. sizes,
customer parameters, etc. ) and feeds them into a on demand manufacturing platform
(for example 3D printers).

[860207] Helmet Personalization
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[60208] There are various approaches to support personalization of helmets
mnchiding but not imited to considering one or more of the following factors, any of
which may be employed m any helmet:

e Sizing Personalization using a video/photo/3D with skull cap, manual, and
constant force based cephalometry.
10 e Using a logo on skull cap also for stereometry.
Personalization of energy management layer using gender, age, sport,
weight, height as well as cephalometry.
e Update Recommendation based on growth curve or and Al techrnuques from
data.
15 ¢ (osmetic personalization using text, signature, logo embossed directly onto
the helmet.
[860209] Sizing Personalization

[60210] One example of the above is to use images taken from a smartphone (or
other photography device) of a person wearing a well-defined beanie, hat, swim cap
20 or any other accessory that uniformiy mats down the head hair. Specifically, the
beanie normalizes for different hair types that would otherwise make image
processing and measurement ditficult and the beanie includes one or more shapes,
symbols or text of known dimensions and orientation. In the case of the beanie, a
log of known width, height and having known line thicknesses can be used. With
25 this information a photo can be normalized for photos taken off angle (1. e. skewed)
and distances are scaled with the logo to determine the width, height, length and
other key metrics of the head. Likewise, the beanie 1s of a known thickness and the
fabric stretching 15 determined iteratively based on the initial estimate of head size,
rather than etilizing the 1mutial size to estimate fabric stretch, and so on and therefore
30 the thickness of fabric can be easily subtracted from any measurements. The
minimum number of photos required 1s a front view and side view to get an aspect
ratio of width and length of the head. 1deally an additional side and rear photo is
taken to confirm measurements or request re-shots if necessary. The addition of a
horizontal trim of a different color on the beante adds another visual calibration

35  element to verify the beanie 1s worn consistently (e.g. level}.
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[60211] Fig 41 shows an example of a cap that may be used during the calibration
cap process where the logo 4100 may be used for calibration and the top color 4101
and the bottom color 4102 may be disposed.

[80212] Additional inputs to the algorithm may include gender, age, weight and
height to anticipate growth and optimize the sizing for current and future use {e.g.
safe usage in the present while accommodating 12-24 months of growth).

[60213] The benefits of this technique versus others may include accounting for
hair in a consistent and normalized fashion, as well as other benefits.

80214} The use of a logo, ndicia or other calibration method provides a degree of
precision not otherwise available when using smart phones or other cameras with
tnaccurate focal distance measuremenis, lens distortion and other vanables that

make measurement extrapolation error prone and 1mprecise.

NOTES AND EXAMPLES
[80215] The following, non-limiting examples, detail certain aspects of the present
subject matter to solve the challenges and provide the benefits discussed herein,
among others.
[60216] Example 1 1s a helimet configured to be worn on a head of a wearer, the
head having a shape and a contour, said helmet comprising: a plurality of layers
coupled together including an energy management layer and an outer shell layer
disposed over the energy management layer, wherein the plurality of layers are
mtegrally formed with one another, wherein the energy management layer i3
configured to absorb and dissipate energy received by the helmet during an impact
by an external force, wherein the outer shell layer 15 configured to disperse and
dissipate impact energy from the external force, and wherein each of the plurality of
layers has a density and a geometry, and wherein the density or the geometry of at
feast one layer differs from the density or the geometry of at least another layer.
60217} Example 2 is the helmet of Example 1, wherein the energy management
layer comprises an nner surface with a shape and a contour, and wherein the shape
and the contour of the energy management layer s personalized to match the shape
and contour of the head.
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[60218] Example 3 s the helmet of any of Examples 1-2, wherein the density of
the shell layer 1s greater than the density of the energy management layer.

[60219] Example 4 1s the helmet of any of Examples 1-3, further comprising a
cage releasably coupled to the helmet.

[60228] Example 5 1s the helmet of any of Examples 1-4, wherein the cage
comprises a plurality of substantially vertical wires and a plurality of substantially
horizontal wires coupled together to form a grid, wherein the plurality of
substantially vertical wires have a superior end, an inferior end, and an intermediate
portion therebetween, wherein the superior end and the inferior ends are disposed
outside of the plurality of substantially horizontal wires, and wherein the
intermediate portion is disposed nside of the plurality of substantially horizontal
wires, thereby forming a low profile cage.

(00221} Example 0 15 the helmet of any of Examples 1-5, wherein the cage
comprises a point disposed furthest away from a nose of the wearer, and wherein the
point is 20 mm to 35 mm away from the nose thereby forming a low profile cage.
[60222] Example 7 1s the helmet of any of Examples 1-6, further comprising a chip
integrally formed with the outer shell laver and coupled to the outer shell layer and
the cage, wherein the clip comprises a lever arm, and wherein actuation of the lever
arm allows engagement and disengagement of the cage with the clip.

[60223] Example 8 1s the helmet of any of Examples 1-7, further comprising an
inner comfort layer configured to be disposed against the head, the mnner comfort
layer having a density less than the energy management layer or the inner comfort
layer being softer than the energy management layer,

[60224] Example 9 1s the helmet of any of Examples 1-8, wherein the density of at
teast some of the plurality of layers varies from a front of the head to a back of the
head, from a side of the head to an opposite side of the head, or in a direction
extending radially outward and away from the head.

60225} Example 10 is the helmet of any of Examples 1-9, further comprising an
occipital cushion configured to cushion an occipital region of the head or configured
to accommodate variances in {it between the helmet and the head, the occipital

cushion being adjustable or removably coupled to an occipital region of the helmet.

~t

3



WO 2020/092952 PCT/US2019/059464

10

20

25

30

[60226] Example 11 is the helmet of any of Examples 1-10, further comprising
one or more sweat gutters disposed on an inner surface of the helmet and configured
to direct beads of sweat away from eyes of the wearer.

(802277 Example 12 1s the helmet of any of Examples 1-11, wherein the plurality
of tayers 1s formed into a plurality of portions, the plurality of portions jomed
together with pins, biscuits or dovetail joints.

60228} Example 13 is the helmet of any of Examples 1-12, wherein the plurality
of layers comprise a coating disposed over the outer shell layer.

60229} Example 14 is the helmet of any of Examples 1-13, wherein the plurality
of layers comprises a support layer adjacent the outer shell layer, the support layer
configured to support the outer shell layer and prevent deformation thereof during
manufacturing.

[60236] Example 15 is the helmet of any of Examples 1-14, wherein the energy
management layer comprises a plurality of gas containing closed cells.

(80231} Example 16 is the helmet of any of Examples 1-15, wherein the plurality
of layers comprises a support layer adjacent the energy management layer, the
support layer configured to support the energy management layer.

[60232] Example 17 is the helmet of any of Examples 1-16, wherein the plurahity
of layers comprise a lining under the energy management layer, wherein the lining
13 configured for sustained contact with the head.

[00233] Example 18 is the helmet of any of Exarples 1-17, wherein the plurality
of layers comprise a foam layer extending outwardly toward the head.

[80234] Example 19 1s a method for fabricating a helmet configured to be worn on
a head of a wearer, the head having a shape and a contour, said method comprising:
integrally forming a plurality of layers disposed on top of one anocther, the plurality
of layers comprising an energy management layer and an outer shell layer, wheremn
the energy management layer comprises a first density and geometry and has an
inner surface with a shape and a contour, the energy management layer configured
to absorb and dissipate energy received by the helmet when impacted by an external
force, and wherein the outer shell layer 1s disposed over the energy management
layer, the outer shell layer having a second density or a second geometry different
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than the first density or first geometry, wherein the outer shell layer 1s configured to
disperse and dissipate impact energy from the external force.

[60235] Example 20 1s the method of Example 19, further comprising releasably
coupling a cage to the outer shell layer with clips integrally formed with the outer
shell layer.

[80236] Example 21 is the method of any of Examples 19-20, further comprising
forming the cage with a plurality of substantially vertical wires and a plurality of
substantially horizontal wires coupled together to form a grid, wherein the plurality
of substantially vertical wires have a superior end, an inferior end, and an
intermediate portion therebetween, wherein the superior end and the inferior end are
disposed outside of the plurality of substantially horizontal wires, and wherein the
intermediate portion is disposed inside of the plurality of substantially horizontal
wires, thereby forming a low profile cage.

[60237] Example 22 is the method of any of Examples 19-21, further comprising
personalizing the shape and contour of the energy management layer to match the
shape and contour of the head.

[00238] Example 23 is the method of any of Examples 19-22, further comprising
applying a coating to the outer shell layer.

[00239]  Example 24 1s the method of any of Examples 19-23, wherein integrally
forming the plurality of lavers comprises forming a support layer adjacent the outer
shell layer, the support layer configured to support the outer shell laver and prevent
deformation thereof during manufacturing.

[80240] Example 25 1s the method of any of Examples 19-24, wherewn integrally
forming the plurality of layers comprises forming a plurality of gas containing
closed cells in the energy management layer,

[60241] Example 26 1s the method of any of Examples 19-25, wheremn integrally
forming the plurality of layers comprises forming a support layer adjacent the
energy management layer, the support layer contigured to support the energy
management layer.

60242} Example 27 is the method of any of Examples 19-26, wherein integrally
forming the plurality of lavers comprises forming a lining under the energy
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management layer, wherein the hining 1s configured for sustained contact with the
head.

[60243] Example 28 1s the method of any of Examples 19-27, wheremn integrally
forming the plurality of layers comprises forming a foam layer extending outwardly
toward the head.

[80244] Example 29 is the method of any of Examples 19-28, further comprising
forming an inner comfort layer having an inner surface with a shape and a contour,
the inner comfort laver abutting the energy management layer and comprising a
material softer or less dense than the energy management layer.

(80245} Example 30 is the method of any of Examples 19-29, wherein forming the
plurality of layers comprises forming the plurality of layers with a varying density
Of a varying pattern.

[00246] Example 31 is the method of any of Examples 19-30, wherein varying the
density or varying the pattern comprises varying the density or varying the pattern
from a front of the head to a back of the head, from a side of the head to an opposite
side of the head, or extending radially outward and away from the head.

[00247] Example 32 is the method of any of Examples 19-31, further comprising
releasably or adjustably coupling an occipital cushion to the outer shell or the
energy management layer.

[60248] Example 33 is the method of any of Examples 19-32, further comprising
heating the helmet and shaping at least a portion of the helmet to match the shape
and the contour of the wearer’s head.

[80249] Example 34 is the method of any of Examples 19-33, further comprising
mtegrally forming one or more sweat gutters on an mner surface of the helmet.
[80250] Example 35 is the method of any of Examples 19-34, wheremn forming the
plurality of layers comprises forming at least some of the plurahity of layers with
additive manufacturing,

80251} Example 36 is the method of any of Examples 19-35, wherein the
plurality of lavers are formed into a plurality of portions, the method further

comprising jomning the phurality of portions together with pins, biscuits, or dovetail

joints.
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[60252] Example 37 is the method of any of Examples 19-36, further comprising
personalizing or customizing the helmet to include features unique to the wearer.
[80253] Example 38 1s a helmet cage chip comprising an elongate arm; a tunnel
adjacent one end of the elongate arm, the tunnel sized and shaped to recetve and
hold a wire of 3 helmet cage; a ramp adjacent the tunnel and configured to urge the
wire of the helmet cage into the tunnel, wherein actuation of the elongate arm opens
a side of the tunnel to receive the wire helmet cage, and wherein the elongate arm is
biased to return to a neutral position where the side of the tunnel 1s substantially
closed and configured to hold the wire of the helmet cage.

[80254] Example 39 is a helmet comprising: an outer shell layer and an energy
management layer; and an occipital cushion releasably or adjustably coupled to the
energy management layer, wherein the occipital cushion 1s configured to cushion or
accommodate variances in fit in an occipital region of a wearer’s head.

[60255] Example 40 1s a helmet comprising: an outer shell layer and an energy
management layer; and a sweat gutter integrally formed on an inner surface of the
helmet, the sweat gutter configured to direct beads of sweat away from eyes of a
wearer.

[60256] Example 41 is a method for fabricating a helmet configured to be worn on
a head of a wearer, the head having a shape and a contour, the method comprising:
providing a helmet having a plurality of layers integrally formed with one another,
the plurality of layers comprising an energy management layer and an outer shell
layer, wherein the energy management laver comprises an 1nner surface with a
shape and a contour; and heating the helmet and forming the shape and contour of
the energy management layer to match the shape and the contour of the wearer’s
head.

(802571 In Example 42, the apparatuses or methods of any one or any combination
of Examples 1 — 41 can optionally be configured such that all elements or options
recited are available to use or select from.

(80258} Such examples can include elements in addition to those shown or
described. However, the present mventors also contemplate examples in which only
those elements shown or described are provided. Moreover, the present inventors
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also contemplate examples using any combination or permutation of those elements
shown or described {or one or more aspects thereof}, either with respect to a
particular example {or one or more aspects thereot), or with respect to other
examples {or one or more aspects thereot) shown or described herein. Such examples
can include elements n addition to those shown or described. However, the present
inventors also contemplate examples in which only those elements shown or
described are provided. Moreover, the present inventors also contemplate examples
using any combination or permutation of those elements shown or described (or one
or more aspects thereof}, etther with respect to a particular example (or one or more
aspects thereof), or with respect to other examples {or one or more aspects thereot)
shown or described herein. Such examples can include elements in addition to those
shown or described. However, the present inventors also contemplate examples in
which only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of those
elements shown or described {(or one or more aspects thereof), either with respect to
a particular example {or one or more aspects thereof), or with respect to other
examples (or one or more aspects thereof) shown or described herein.

[60259] In the event of inconsistent usages between this document and any
documents so incorporated by reference, the usage in this document controls.
[602608] In this document, the terms “a” or “an” are used, as is common in patent
documents, to include one or more than one, independent of any other instances or
usages of “at least one” or “one or more.” In this document, the term “or” 15 used to
refer to a nonexclusive or, such that “A or B” mncludes “A but not B,” “B but not
A and “A and B,” unless otherwise indicated. In this document, the terms
“mcluding” and “in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the following claims, the
terms “imncluding” and “comprising” are open-ended, that 1s, a system, device,
article, composition, formulation, or process that includes elements in addition to
those listed after such a term in a claim are still deemed to fall within the scope of

3% <o

that claim. Moreover, in the following claims, the terms “first,” “second,” and
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“third,” etc. are used merely as labels, and are not intended to 1mpose numerical
requirements on their objects.

80261} The above description 1s intended to be illustrative, and not restrictive.
For example, the above-described examples (or one or more aspects thereof) may be
used in combination with each other. Other emnbodiments can be used, such as by
one of ordinary skill in the art upon reviewing the above description. The Abstract
is provided to allow the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will not be used to interpret
or fimit the scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to streamline the disclosure.
This should not be interpreted as intending that an unclaimed disclosed feature 1s
essential to any claim. Rather, inventive subject matter may lie in less than all
teatures of a particular disclosed embodiment. Thus, the following claims are
hereby incorporated into the Detatled Description as examples or embodiments,
with each claim standing on ifs own as a separate embodiment, and it 15
contemplated that such embodiments can be combined with each other in various
combinations or permutations. The scope of the invention should be determined
with reference to the appended claims, along with the full scope of equivalents to

which such ciamms are entitied.
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CLAIMS:
I. A helmet configured to be worn on a head of a wearer, the head having a
shape and a contour, said helmet comprising:
a plurality of layers coupled together including an energy management
taver and an outer shell layer disposed over the energy management layer,
wherein the plurality of layers are integrally formed with one another,
wherein the energy management layer is configured to absorb and
dissipate energy received by the helmet during an impact by an external force,
wherein the outer shell layer 15 configured to disperse and dissipate
impact energy from the external force, and
wherein each of the plurality of layers has a density and a geometry, and
wherein the density or the geometry of at least one layer differs from the density or

the geometry of at least another layer.

2. The helmet of claim 1, wherein the energy management layer comprises
an inner surface with a shape and a contour, and wherein the shape and the contour
of the energy management layer is personalized to match the shape and contour of

the head.

3. The helmet of claim 1, wherein the density of the shell layer is greater

than the density of the energy management layer.

4. The helmet of claim 1, further comprising a cage releasably coupled to

the helmet.

5. The helmet of claim 4, wherem the cage comprises a plurality of
substantially vertical wires and a plurality of substantially horizontal wires coupled
together to form a grid, wherein the plurality of substantially vertical wires have a
superior end, an inferior end, and an intermediate portion therebetween, whereimn the
superior end and the mferior ends are disposed outside of the plurality of
substantially horizontal wires, and wherein the intermediate portion is disposed
inside of the plurality of substantially horizontal wires, thereby forming a low
profile cage.
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6. The helmet of claim 4, wherem the cage comprises a point disposed
furthest away from a nose of the wearer, and wherein the point 1s 20 mm to 35 mm

away from the nose thereby forming a low profile cage.

7. The helmet of claim 4, further comprising a clip integrally formed with
the outer shell layer and coupled to the outer shell layer and the cage, wherein the
clip comprises a lever arm, and wherein actuation of the lever arm aliows

engagement and disengagement of the cage with the clip.

8. The helmet of claim 1, further comprising an inner comfort layer
configured to be disposed against the head, the inner comfort layer having a density
less than the energy management laver or the inner comfort layer being softer than

the energy management layer.

9. The helmet of ¢laim 1, wherein the density of at least some of the
plurality of lavers varies from a front of the head to a back of the head, from a side
of the head to an opposite side of the head, or in a direction extending radially

outward and away from the head.

10, The helmet of claim 1, further comprising an occipital cushion configured
to cushion an occiptial region of the head or configured to accommaodate variances
in fit between the helmet and the head, the occipital cushion being adjustable or

removably coupled to an occipital region of the helmet.

11, The helmet of claim 1, further comprising one or more sweat gutters
disposed on an inner surface of the helmet and configured to direct beads of sweat

away from eves of the wearer.

12, The helmet of claim 1 | wherein the plurality of layers are formed into a
plurality of portions, the plurality of portions joined together with pins, biscuits or

dovetail joints.

13.  The helmet of claim 1, wherein the plurality of layers comprise a coating
disposed over the outer shell layer.
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14, The helmet of claim 1, wherem the plurality of layers comprises a support
tayer adjacent the outer shell layer, the support layer configured to support the outer

shell layer and prevent deformation thereof during manufacturing,

15, The helmet of claim 1, wherein the energy management layer comprises a

plurality of gas contamning closed cells.

i6.  The helmet of claim 1, wherein the plurality of layers comprises a support
layer adjacent the energy management layer, the support laver configured to support

the energy management layer,

17.  The helmet of claim 1, wheremn the plurality of layers comprise a lining
under the energy management layer, wherein the lining 1s configured for sustained

contact with the head.

i8.  The helmet of claim 1, wherein the plurality of layers comprise a foam

layer extending outwardly toward the head.

19 A method for fabricating a helmet configured to be worn on a head of a
wearer, the head having a shape and a contour, said method comprising:
mtegrally forming a plorality of layers disposed on top of one another, the

plurality of lavers comprising an energy management layer and an outer shell laver,
wherein the energy management layer comprises a first density and geometry and
has an inner surface with a shape and a contour, the energy management layer
configured to absorb and dissipate energy received by the helmet when impacted by
an external force, and wherein the outer shell layer 1s disposed over the energy
management layer, the outer shell laver having a second density or a second
geometry different than the first density or the first geometry, wherein the outer
shell layer 1s configured to disperse and dissipate impact energy from the external

force.

20.  The method of claim 19, further comprising releasably coupling a cage to

the outer shell layer with clips integrally formed with the outer shell layer.
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21, The method of claim 20, further comprising forming the cage witha
plurality of substantially vertical wires and a plurality of substantially horizontal
wires coupled together to form a gnid, wherein the plurality of substantially vertical
wires have a superior end, an inferior end, and an intermediate portion
therebetween, wherein the superior end and the inferior end are disposed outside of
the plurality of substantially horizontal wires, and wherein the intermediate portion
is disposed inside of the plurality of substantially horizontal wires, thereby forming

a low profile cage.

22, The method of claim 19, further comprising personalizing the shape and

contour of the energy management layer to match the shape and contour of the head.

23, The method of claim 19, further comprising applying a coating to the

outer shell layer.

24, The method of claim 19, wherein integrally forming the plurality of layers
comprises forming a support layer adjacent the outer shell layer, the support layer
configured to support the outer shell layer and prevent deformation thereof during

manufacturing.

25, The method of claim 19, wherein integrally forming the plurality of layers
comprises forming a plurality of gas containing closed cells in the energy

management layer.

26, The method of claim 19, wherein integrally forming the plurality of lavers
comprises forming a support layer adjacent the energy management layer, the

support layer configured to support the energy management layer.

27 The method of claim 19, wherein integrally forming the plurality of layers
comprises forming a lining under the energy management layer, wherein the lining

is configured for sustained contact with the head.

28 The method of claim 19, wherein integrally forming the plurality of lavers
comprises forming a foam layer extending outwardly toward the head.
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29, The method of claim 19, further comprising forming an inner comfort
layer having an inner surface with a shape and a contour, the inner comfort laver
abutting the energy management layer and comprising a material softer or less dense

than the energy management layer.

30, The method of claim 19, wheremn forming the plurality of layers

comprises forming the plurality of layers with a varying density or a varying pattern.

31, The method of claim 30, wherein varying the density or varving the
pattern comprises varying the density or varying the pattern from a front of the head
1o a back of the head, from a side of the head to an opposite side of the head, or

extending radially outward and away from the head.

32, The method of claim 19, further comprising releasably or adjustably

coupling an occipttal cushion to the outer shell or the energy management layer.

33, The method of claim 19, further comprising heating the helmet and
shaping at least a portion of the helmet to match the shape and the contour of the

wearer’s head.

34, The method of claim 19, further comprising mtegrally forming or

applying one or more sweat gutters to an mner surface of the helmet,

35, The method of claim 19, wherein forming the plurality of layers
comprises forming at least some of the plurality of layers with additive

manufacturing.

36,  The method of claim 19, wherein the plurality of layers are formed into a
plurality of portions, the method further comprising joining the plurality of portions

together with pins, biscuits, or dovetail joints.

37, The method of claim 19, further comprising personalizing or customizing

the helmet to include features unigue to the wearer.

[

8. A helmet cage clip comprising:
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an elongate army;

a tunnel adjacent one end of the elongate arm, the tunnel sized and shaped
to receive and hold a wire of a helmet cage;

a ramp adjacent the tunnel and configured to urge the wire of the helmet
cage nto the tunnel,

wherein actuation of the elongate arm opens a side of the tunnel to receive
the wire helmet cage, and wherein the elongate arm s biased to return to a neutral
position where the side of the tunnel 1s substantially closed and configured to hold

the wire of the helmet cage.

39, A helmet comprising;
an outer shell layer and an energy management layer; and
an occipital cushion releasably or adjustably coupled to the energy
management layer, wherein the occipital cushion 1s configured to cushion or

accommodate variances in fit in an occipital region of a wearer’s head.

40. A helmet comprising:
an outer shell layer and an energy management layer; and
a sweat gutter integrally formed on, or independently applied to an inner
surface of the helmet, the sweat gutter configured to direct beads of sweat away

from eves of a wearer.

41, A method for fabricating a helmet configured to be worn on a head of a
wearer, the head having a shape and a contour, the method comprising:
providing a helmet having a plurality of layers mntegrally formed with one
another, the plurality of layers comprising an energy management layer and an outer
shell layer, wherein the energy management layer comprises an mnner surface with a
shape and a contour; and
heating the helmet and forming the shape and contour of the energy

management layer to roatch the shape and the contour of the wearer’s head.
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