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(57) ABSTRACT

An embodiment of a safety helmet for protecting the human
head against repetitive impacts, moderate impacts and severe
impacts so as to significantly reduce the likelihood of both
translational and rotational brain injury and concussions
includes a outer shell, an outer liner disposed within and
coupled to the outer shell, and an inner liner disposed within
and coupled in spaced opposition to the outer liner by a
plurality of isolation dampers for omnidirectional movement
of the inner liner relative to the outer liner and the outer shell
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HELMET OMNIDIRECTIONAL ENERGY
MANAGEMENT SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of and
priority to U.S. Provisional Patent Application Nos. 61/462,
914 filed Feb. 9,2011 and 61/554,351 filed Nov. 1, 2011, both
of'which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] One or more embodiments of the present invention
generally relate to safety equipment, and more particularly, to
protective helmets that protect the human head against repeti-
tive impacts, moderate impacts and severe impacts so as to
significantly reduce the likelihood of both translational and
rotational brain injury and concussions.

BACKGROUND

[0003] Action sports (e.g., skateboarding, snowboarding,
bicycle motocross (BMX), downhill mountain biking, and
the like), motorsports (e.g., oft-road and on-road motorcycle
riding and racing) and traditional contact sports (e.g., football
and hockey) continue to grow at a significant pace throughout
the world as each of these sports expands into wider partici-
pant demographics. While technology and sophisticated
training regimes continue to improve the performance capa-
bilities for such athletes/participants, the risk of injury atten-
dant to these activities also increases. To date, helmet-type
head protection devices have not experienced any significant
new technologies that improve protection of the athlete’s
head and brain in the event of an impact incident outside the
advent of duel density foam liners made of greater thickness
utilizing softer foams in general. Current “state of the art”
helmets are not keeping pace with the evolution of sports and
the capabilities of athletes. At the same time, science is pro-
viding alarming data related to the traumatic effects of both
repetitive but moderate, and severe impacts to the head. While
concussions are at the forefront of current concerns, rota-
tional brain injuries from the same concussive impacts are no
less of a concern, and in fact, are potentially more trouble-
some.

[0004] Head injuries result from two types of mechanical
forces—contact and non-contact. Contact injuries arise when
the head strikes or is struck by another object. Non-contact
injuries are occasioned by cranial accelerations or decelera-
tions caused by forces acting on the head other than through
contact with another object, such as whiplash-induced forces.
Two types of cranial acceleration are recognized, which can
act separately or in combination with each other. “Transla-
tional” acceleration occurs when the brain’s center of gravity
(CG), located approximately at the pineal gland, moves in a
generally straight line. “Rotational” or angular acceleration
occurs when the head turns about its CG without linear move-
ment of the CG.

[0005] Translational accelerations/decelerations can result
in so-called “coup” and “contrecoup” head injuries that
respectively occur directly under the site of impact with an
object and on the side of the head opposite the area that was
impacted. By contrast, studies of the biomechanics of brain
injury have established that forces applied to the head which
result in a rotation of the brain about its CG cause diffuse
brain injuries. It is this type of movement that is responsible
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for subdural hematomas and diffuse axonal injury (DAI), one
of the most devastating types of traumatic brain injury.
[0006] Referring to FIG. 1, the risk of rotational brain
injury is greatest when an impact force 10 is applied to the
head or helmet 12 of a wearer from at an oblique angle, i.e.,
greater or less than 90 degrees to a perpendicular plane 14
drawn through the CG 16 of the brain. Such impacts cause
rotational acceleration 18 of the brain around CG, potentially
shearing brain tissue and causing DAI. However, given the
distribution of brain matter, even direct linear or translational
impacts can generate shear forces within the brain sufficient
to cause rotational brain injuries. Angular acceleration forces
can become greater, depending on the severity (i.e., force) of
the impact, the degree of separation of the impact force 10
from 90 degrees to the perpendicular plane 14, and the type of
protective device, if any, that the affected individual is wear-
ing. Rotational brain injuries can be serious, long lasting, and
potentially life threatening.

[0007] Safety helmets generally use relatively hard exterior
shells and relatively soft, flexible, compressible interior pad-
ding, e.g., fit padding, foam padding, air filled bladders, or
other structures, to manage impact forces. When the force
applied to the helmet exceeds the capability of the combined
resources of the helmet to reduce impacts, energy is trans-
ferred to the head and brain of the user. This can result in
moderate concussion or severe brain injury, including a rota-
tional brain injury, depending on the magnitude of the impact
energy.

[0008] Safety helmets are designed to absorb and dissipate
as much energy as possible over the greatest amount of time
possible. Whether the impact causes direct linear or transla-
tional acceleration/deceleration forces or angular accelera-
tion/deceleration forces, the helmet should eliminate or sub-
stantially reduce the amount of energy transmitted to the
user’s head and brain.

SUMMARY

[0009] Inaccordance with one or more embodiments of the
present disclosure, omnidirectional impact energy manage-
ment systems are provided for protective helmets that can
significantly reduce both rotational and linear forces gener-
ated from impacts to the helmets over a broad spectrum of
energy levels.

[0010] The novel techniques, for one or more embodi-
ments, enable the production of hard-shelled safety helmets
that can provide a controlled internal omnidirectional relative
displacement capability, including relative rotation and trans-
lation, between the internal components thereof. The systems
enhance modern helmet designs for the improved safety and
well being of athletes and recreational participants in sporting
activities in the event of any type of impact to the wearer’s
head. These designs specifically address, among other things,
the management, control, and reduction of angular accelera-
tion forces, while simultaneously reducing linear impact
forces acting on the wearer’s head during such impacts.
[0011] Inaccordance with an embodiment, a safety helmet
comprises an outer shell, an outer liner disposed within and
coupled to the outer shell, and an inner liner disposed within
and coupled in spaced opposition to the outer liner by a
plurality of isolation dampers for omnidirectional movement
relative to the outer liner and shell.

[0012] In accordance with an embodiment, a method for
making a helmet comprises affixing an outer liner to and
inside of an outer shell and coupling an inner liner in spaced
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opposition to and inside of the outer liner for omnidirectional
movement of the inner liner relative to the outer liner and the
outer shell.

[0013] The scope of this invention is defined by the claims,
which are incorporated into this section by reference. A more
complete understanding of embodiments of the present
invention will be afforded to those skilled in the art, as well as
a realization of additional advantages thereof, by a consider-
ation of the following detailed description of one or more
embodiments. Reference will be made to the appended sheets
of drawings that will first be described briefly, and within
which like reference numerals are used to identify like ele-
ments illustrated in one or more of the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.1 is a diagram of an impact force acting on the
head or helmet of a wearer so as to cause rotational accelera-
tion of the wearer’s brain around the brain’s center of gravity;
[0015] FIG. 2 is a cross-sectional view of an example of a
helmet, taken at the coronal plane thereof, in accordance with
an embodiment;

[0016] FIG. 3 is a cross-sectional view of another example
helmet, taken at the coronal plane, showing a wearer’s head
disposed therein, in accordance with an embodiment;

[0017] FIG. 4 is a cross-sectional view of another example
helmet, taken at the coronal plane, showing a wearer’s head
disposed therein, in accordance with an embodiment;

[0018] FIG. 5 is an enlarged partial cross-sectional view of
another example helmet, showing a lug on an inner liner
thereof engaged in a recess in an outer liner thereof, in accor-
dance with an embodiment;

[0019] FIG. 6 is an enlarged partial cross-sectional view of
the helmet of FIG. 5, showing displacement of the lug within
the recess in response to a rotation of the inner liner relative to
the outer liner, in accordance with an embodiment;

[0020] FIG. 7 is a side elevation view of an example of an
isolation damper in accordance with the present invention, in
accordance with an embodiment;

[0021] FIG. 8 is a side and top end perspective view of the
isolation damper of FIG. 7 in accordance with an embodi-
ment;

[0022] FIG. 9 is a partial cross-sectional view showing the
isolation damper of FIG. 7 coupled between an inner and an
outer liner of a helmet in accordance with an embodiment;
[0023] FIG. 10 is a side elevation view of another example
of a isolation damper in accordance with an embodiment of
the present invention;

[0024] FIG.11 is aside and top end perspective view of the
isolation damper of FIG. 10 in accordance with an embodi-
ment;

[0025] FIG. 12 is an elevation view of another example of a
isolation damper in accordance with an embodiment;

[0026] FIG. 13 is a partial cross-sectional view through
another example helmet with inner and an outer liners, show-
ing inserts respectively disposed in the liners and isolation
dampers retained in the inserts, in accordance with an
embodiment;

[0027] FIG. 14 is a partial cross-sectional view of a helmet
liner, showing another example of an insert for retaining an
end of an isolation damper molded therein, in accordance
with an embodiment;

[0028] FIG. 15A is a top and side perspective view of
another example of an isolation damper end retaining insert,
in accordance with an embodiment;
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[0029] FIG. 15B is a partial cross-sectional view of a hel-
met liner having the insert of FIG. 15A molded therein, in
accordance with an embodiment;

[0030] FIG. 16 is a partial cross-sectional view through
another example helmet with inner and outer liners, showing
isolation dampers coupled between the liners and fittings
extending through recesses in the outer liner and respectively
coupled to the isolation dampers, in accordance with an
embodiment;

[0031] FIG. 17 is a top and left side perspective view of an
example of an inner liner fitted with inserts, showing isolation
dampers respectively fitted into the inserts and reinforcing
strands interconnecting the inserts, in accordance with an
embodiment;

[0032] FIG. 18 is a top and right side perspective view of a
helmet outer liner assembly in accordance with an embodi-
ment; and,

[0033] FIG. 19 is a partial perspective view of a helmet
inner and outer liner, showing another example of isolation
dampers, in accordance with an embodiment.

DETAILED DESCRIPTION

[0034] Inaccordance with one or more embodiments of'this
disclosure, omnidirectional impact energy management sys-
tems for helmets are provided that can significantly reduce
both rotational and linear forces generated from impacts
imparted to the helmets. The systems enable a controlled
internal omnidirectional relative displacement capability,
including relative rotational and translational movement,
between the internal components of a hard shelled safety
helmet.

[0035] One or more embodiments disclosed herein are par-
ticularly well suited to helmets that can provide improved
protection from both potentially catastrophic impacts and
repetitive impacts of varying force that, while not causing
acute brain injury, can cause cumulative harm. The problem
of cumulative brain injury, i.e., Second Impact Syndrome
(SIS), is increasingly recognized as a serious problem in
certain sports, such as American football, where much of the
force of non-catastrophic contact is transferred to the head of
the wearer. In various example embodiments, isolation damp-
ers are configured with specific flex and compression charac-
teristics to manage a wide range of repetitive and severe
impacts from all directions, thus addressing the multitude of
different risks associated with diverse sports, such as football,
baseball, bicycle riding, motorcycle riding, skateboarding,
rock climbing, hockey, snowboarding, snow skiing, auto rac-
ing, and the like.

[0036] In accordance with one or more example embodi-
ments hereof, safety helmets can comprise at least two layers.
One of these layers, an inner liner, is disposed in contact with
the wearer’s head, either directly or via a fitment or so-called
“comfort liner.” Another layer can comprise an outer liner
affixed to a relatively hard outer shell of the helmet. In some
embodiments, one or more intermediate liners can be dis-
posed between the inner and outer liners. These layers can be
formed of any suitable material, including energy absorbing
materials of the types commonly used in the industry, such as
expanded polystyrene (EPS) or expanded polypropylene
(EPP).

[0037] In an example embodiment, an outer surface of an
inner liner is coupled to an inner surface of an outer liner,
which can have an outer surface affixed to an inner surface of
the hard outer shell of the helmet, with shock absorbing and
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dampening components that enable controlled, omnidirec-
tional relative rotational and translational displacements to
take place between the inner and outer liners. Thus, the two
liners are coupled with each other in such a way that they can
displace relative to each other omnidirectionally in response
to both angular and translational forces from a glancing or
direct blow to the hard outer shell of the helmet. The engage-
ment between the inner and outer liners enables a controlled,
omnidirectional relative movement between the two liners to
reduce the transfer of forces and resulting accelerations origi-
nating from the hard outer shell of the helmet to the head and
brain of a wearer.

[0038] The relative movement of the inner and outer layers
or liners can be controlled via various suspension, dampen-
ing, and motion controlling components that are disposed
between the liners and couple them together for relative
movement. In some embodiments, additional liners or partial
liners can be inserted between the inner and outer liners.
Thus, the energy absorbing structure can comprise various
liner components, with or without air gaps between them, that
enable such controlled omnidirectional relative displacement
between one or more of the liners. The liners and other layers
can comprise multi- or single-density EPS, EPP, or any other
suitable materials, such as expanded polyurethane (EPU).
Proper restraint on the wearer’s head can be managed by, for
example, a chin-strap and/or a neck security device of a type
commonly used on conventional helmets.

[0039] FIG. 2 is a partial cross-sectional view taken at the
coronal plane of an example embodiment of a helmet 100,
which includes a hollow, semispheroidal outer liner 102 dis-
posed circumferentially around a similarly shaped inner liner
104 and inside of a correspondingly shaped, relatively hard
helmet outer shell 106. In the particular example embodiment
illustrated, the outer liner 102 is attached directly to the inside
surface of the helmet shell 106, as is typical in conventional
helmet design. The relatively hard outer shell 106 can be
manufactured from conventional materials, such as fiber-
resin lay-up type materials, polycarbonate plastics, polyure-
thane, or any other appropriate materials, depending on the
specific application intended for the helmet 100.

[0040] The inner and outer liners 104 and 102 are coupled
to each other so as to form an internal subassembly by the use
ofaplurality of resilient, e.g., elastomeric, structures referred
to herein as “isolation dampers.” As illustrated in FIG. 2, the
isolation dampers 108 can comprise a generally circular disk
having a concave, e.g., generally spherical, recess 110 dis-
posed in a lower surface thereof, a correspondingly shaped
convex protrusion extending from an upper surface thereof,
and a flange 112 extending around the circumfery thereof.
The inner liner 104 can include a plurality of convex, e.g.,
generally spherical, protrusions 116, each disposed in spaced
opposition to a corresponding one of a plurality of corre-
spondingly shaped concave recesses 114 disposed in the outer
liner 102.

[0041] In an embodiment, one or both of the concave and
convex features of the isolation dampers 108 can be comple-
mentary in shape to one or both of those of the concave and
convex features of the inner and outer liners 104 and 102,
respectively. The isolation dampers 108 are disposed between
the inner and outer liners 104 and 102 such that their concave
recesses 110 are respectively disposed over a corresponding
one of the convex protrusions 116 on the inner liner 104, and
the convex protrusions on the isolation dampers 108 are
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respectively disposed within corresponding ones of the con-
cave recesses 114 in the outer liner 102.

[0042] FIG. 3 is a cross-sectional view of another example
embodiment of helmet 150 similar to that of FIG. 2, showing
a wearer’s head disposed therein. The helmet 150 of FIG. 2,
includes an outer liner 102 disposed circumferentially around
an inner liner 104, and both liners 104, 102 are disposed
inside of a correspondingly shaped, relatively hard helmet
shell 106. As in the helmet 100 of FIG. 2, the outer liner 102
is affixed directly to the inside surface of the outer shell 106,
and the inner liner 104 is coupled to the outer liner 104 by a
plurality of isolation dampers 108 for omnidirectional move-
ment relative thereto. However, as illustrated in FIG. 3, in
some embodiments, the isolation dampers 108 can comprise
elongated cylindrical members having opposite ends respec-
tively retained within isolation damper retainer cups, or
inserts 308, respectively attached to corresponding ones of
the inner and outer liners 104 and 102. As discussed in more
detail below, the inserts 308 can comprise a variety of differ-
ent materials and configurations and can be attached to the
corresponding liners 102, 104 by a variety of attachment
techniques.

[0043] As illustrated in FIGS. 2 and 3, plurality of the
isolation dampers 108 can be provided at selected points
around the circumfery of the helmets 100 or 150. Different
isolation dampers 108 can be designed for specific applica-
tions and effectively “tuned” to manage the anticipated rota-
tional and translational forces applied thereto. The isolation
dampers 108 can be variously configured to control the
amount of rotational force that will cause displacement of the
various liners of the helmet 100 and, as discussed in more
detail below, can be configured such that they will tend to
cause the inner liner 104 to return to its original position
relative to the outer liner 102 after the force of an impact is
removed from the helmet 100 or 150. It will be readily appar-
ent to those skilled in the art that isolation dampers 108 can be
configured in a wide range of configurations and materials
varying from those shown and described in the example
embodiments, and the general principles described herein can
be applied without departing from the spirit and scope of the
invention.

[0044] In some embodiments, limits or “stops” can be
designed into and between the liners to prevent over-rotation
or over-displacement between the layers during an impact
incident. Referring again to FIG. 2, in one embodiment, the
inner liner 104 can be provided with multiple flanges 118
extending outward from the inner liner 104 to act as rotational
stops by impacting with an edge of a corresponding recess in
the outer liner 102 at maximum displacement. Other embodi-
ments can use features of the helmet’s exterior shell 106, a
“comfort” liner (not illustrated), or perimeter moldings (not
illustrated) to act as stops.

[0045] Inotherembodiments, one or more additional layers
or liners can be inserted between an inner liner and outer liner.
Such “intermediate™ liners can be formed of, for example,
EPS, EPP, EPU, or any other suitable materials. For example,
asillustrated in FIG. 4, in an example embodiment, a plurality
of'lugs 120 can extend from an outer surface of the inner liner
122 to engage in corresponding recesses 124 disposed in an
intermediate liner 126, while similar lugs 120 can extend
from the middle layer 126 to engage in corresponding
recesses 124 in an outer liner 128. These lugs 120 and corre-
sponding recesses 124 can be configured to allow for a con-
trolled amount of rotational movement between the interme-
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diate 126 and the inner and outer liners 122 and 128.
Optionally, in some embodiments, isolation dampers 130 of
various configurations can also be disposed between, e.g., the
inner and outer liners 122 and 128 and/or the intermediate
liner 126 to further dissipate the energy of impacts. Addition-
ally, as illustrated in FIG. 4, in some embodiments, a “com-
fort” liner 123 configured to closely surround the head of the
wearer can be attached or otherwise coupled to an inner
surface of the inner liner 122.

[0046] As further illustrated in FIG. 4, in some embodi-
ments, the isolation dampers 130 can be cylindrical in shape,
and configured such that they engage within corresponding
recesses 132 in the adjacent surfaces of the inner, intermedi-
ate and outer liners 122, 126 and 128 so as to create a space or
air gap 134 between the respective opposing surfaces thereof.
The isolation dampers 130 can be configured to flex, bend,
and/or compress to absorb the energy of impacts to the helmet
from all directions, and thereby enable the inner and interme-
diate liners 122 and 126 to move relative to each other and/or
the outer liner 128.

[0047] As illustrated in FIGS. 5 and 6, in another embodi-
ment, one or more lugs 136 can be disposed on the outer
surface of an inner liner 138 so as to respectively engage
within corresponding recesses 140 in an outer liner 142
attached internally to a helmet outer shell 144. The one or
more recess 140 can be configured to allow for controlled
lateral or rotational displacement of the inner liner 138 such
that, once the inner liner 138 moves a predetermined distance
relative to the outer liner 142, as indicated by the arrow in
FIG. 5, the lug 136 will abut or engage one or more of the
walls of the corresponding recess 140, thereby stopping
movement of the inner liner 138 relative to the outer liner 142
in that direction. The amount of rotation between the liners
can also be controlled without the use of interlocking lugs
136, for example, by configuring the gap between the two
liners to be other than spherical, e.g., by conforming it to an
oblong shape like that of the wearer’s head. This non-spheri-
cal shape will geometrically bind during rotation due to the
contact of impingement points within the structure and
thereby limit rotation.

[0048] In other embodiments, a similar system of lugs 136
and isolation dampers 130 can be implemented using only
two layers or liners 138, 142, or alternatively, using three or
more liners. It will be readily understood by those of skill in
the art that a wide range of different configurations can be
devised for the lugs 136 and isolation dampers 130 described
herein. Indeed, the lugs 136 and isolation dampers 130 can
take on a wide range of shapes, sizes, materials, and specific
physical properties. They can also be configured to engage
different layers differently than as illustrated and described
herein.

[0049] In some embodiments, the isolation dampers 130
can be configured with specific physical properties that
enable them to couple an inner liner 138 with an outer layer
142 and maintain a predetermined gap therebetween, or oth-
erwise control the spatial relationship between the two liners
138, 142. Where a space is maintained between different
layers, the space can comprise an air gap, or can be com-
pletely or partially filled with any suitable material in any
form, including without limitation, a liquid, gel, foam, or gas
cushion.

[0050] Asillustrated in, e.g., FIG. 3, in some embodiments,
the isolation dampers 108 can comprise elongated cylindrical
features having opposite ends that can be fitted into corre-
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sponding recesses or passages in the inner and outer liners
104, 102. The isolation dampers 108 can be made of, for
example, rubber, EPU foam, or any other suitable materials
that have the specific design characteristics desired in a par-
ticular application. The isolation dampers 108 can be held in
place by a friction fit or a wide range of adhesives, or alter-
natively, other methods of attachment can be used, depending
on the specific application at hand. The isolation dampers 10
enable the inner, outer and one or more intermediate layers, if
any, to move omnidirectionally relative to one another,
including an inner liner 104 that is in a snug, direct contact
with a wearer’s head most commonly via a comfort liner.
[0051] As described above, in some embodiments, the iso-
lation dampers 108 are configured so as to return the inner and
outer liners 104 and 102 back to their respective initial or
“neutral” resting positions relative to each other, once the
rotational or translational force of an impact is removed from
them. Thus, the outer shell 144 and internal liners of a helmet
incorporating such an arrangement will quickly and auto-
matically re-align themselves relative to each other after an
impact. In this regard, it should be understood that the dimen-
sions, shape, positioning, alignment, and materials of the
isolation dampers 130 can be varied widely to tune the helmet
to the specific application at hand.

[0052] An example embodiment of an isolation damper
200 and its positioning with respect to an inner liner 202 and
outer liner 204 disposed within a helmet assembly is illus-
trated in FIGS. 7-9. As illustrated in FIG. 9, the isolation
dampers 200 can be configured to maintain a gap 206 between
the inner and outer liners 202 and 204. The lower or inner end
portion 208 of the isolation damper 200 can be inserted into a
recess or aperture 210 having a complementary shape in the
inner liner 202, and the upper or outer end portion 212 of the
isolation damper 200 can be inserted into a complementary
recess or aperture 214 in the outer liner 204. The middle
section 216 of the isolation damper 200 will then be posi-
tioned between the inner and outer liners 202 and 204 and can
serve to maintain the gap 206 between them.

[0053] As illustrated in FIGS. 7 and 8, in some embodi-
ments, the lower end portion 208 of the example isolation
damper 200 is configured with a frusto-conical shape 218 to
help ensure that it is securely coupled to the inner liner 202.
The middle section 216 of the isolation damper 200 can be
configured in the shape of, for example, an hourglass, to
provide specific flex, return, and force dispersion character-
istics. In particular, such an hourglass shape can enhance the
ability of the isolation damper 200 to absorb much of the
energy of light-to-moderate impacts without damaging the
inner and outer liners 202 and 204, and as discussed above, to
return the liners 202, 204 to their original relative positions
afterward.

[0054] In some embodiments, the apertures or recesses
210, 214 in the corresponding inner and outer liners 202 and
204 used to respectively retain the opposite ends 208 and 212
of the isolation dampers 200 can include specific geometries
to manage the interaction between the isolation dampers 200
and the liners 202 and 204. For example, as illustrated in FIG.
9, in one embodiment, opposing frusto-conical recesses 220
can be disposed in the opposing surfaces of the liners 202 and
204 to allow the isolation damper 200 to move with a greater
range of movement and to improve its stability. Specifically,
the opposing frusto-conical recesses 220 provide a space for
the isolation damper 200 to occupy during a deformation
caused by, for example, a shearing type of impact. The respec-
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tive geometries of the recesses 220 thus help to control the
deformation, manage the spring rate, and constrain the shape
of the corresponding isolation damper 200.

[0055] As those of some skill will understand, the specific
shape and material properties of an isolation damper 200 are
the primary control elements that affect its spring rate. As the
geometry and/or material specifications of the isolation
damper 200 are changed, the associated spring rate will
change accordingly, following basic physical property rela-
tionships. For example, if only the length is increased, the
spring rate will decrease, and the isolation damper 200 will
become less resistant, in force per displacement, over a par-
ticular range of values. Further, if the geometric shape of the
isolation damper is changed from one shape to another, for
example, from a cylinder to an hourglass shape, the spring
rate of the isolation damper 200 in axial compression versus
its spring rate in a direction orthogonal to the direction of the
axial compression can be altered and significantly changed to
effect the desired performance requirements.

[0056] In addition to the physical shape of the isolation
damper 200 and its material properties, the method by which
the isolation damper 200 is constrained and allowed to
deform, or prevented from deforming, is another design tech-
nique that can be used to control the dynamic interactions of
an impact force acting on a helmet and how it is transferred
from one liner to another liner. The opposing frusto-conical
recesses 220 in opposing faces of the liners 202 and/or 204
described above are only one technique by which the dynamic
movement characteristics of the isolation dampers 200 can be
managed to control and modify the ability of the outer liner
204 to move in a desired fashion in both compression and
shear directions relative to the inner layer 202.

[0057] Ifthe volume of the isolation damper 200 cannot be
reduced to zero, it must be displaced into another volume
when it is compressed. If the spring rate of the isolation
damper 200 is a function of its material properties and its ratio
of compressibility into itself, then its spring rate will be
nonlinear and will increase at an increasing rate. This increas-
ing spring rate will grow as the isolation damper 200 is
compressed and deformed, until it can no longer deform
freely, at which time, the spring rate of the isolation damper
200 will increase rapidly such that it becomes virtually
incompressible and exhibits an almost infinite resistance
thereto. The frusto-conical recesses 200 in each liner 202, 204
at the respective attachment points of the isolation dampers
200 can be used to optimize these desired functions of move-
ment in linear compression, shear movement and the point of
contact of one liner with another liner by their geometric
relationships to those of the associated isolation dampers 200,
and also reducing the damage to the outer and inner liners that
would be imposed onto them by the dampers as an additional
control element.

[0058] The specific configurations, spacing, and quantity
of the isolation dampers 200 can also be modified to obtain
particular helmet impact absorbing characteristics suitable
for the specific application at hand. Another example embodi-
ment of an isolation damper 200 that is configured with more
rounded contours is illustrated in FIGS. 10 and 11, and FIG.
12 illustrates yet another example isolation damper 200 with
a slightly different geometry.

[0059] FIG. 13 is a partial cross-sectional view through an
inner and an outer liner 304 and 306 of another example
helmet 300. As discussed above in connection with the
example helmet embodiment of FIG. 3 above and illustrated
in FIG. 13, in some embodiments, the recesses or apertures in
the inner and outer liners 304 and 306 of the helmet 300
within which the opposite ends of the isolation dampers 310
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are respectively received can be respectively fitted with
inserts or cup-like inserts 308 that locate and retain the iso-
lation dampers 310 in place, provide additional support for
the isolation dampers 310 within the liners 304, 306, and help
to manage and disburse impact forces acting on the helmet
300. The inserts 308 can be configured with any suitable
geometry and can include flanges 312 of appropriate sizes
and/or shapes to distribute forces over a larger area of a
corresponding one of the liners 304, 306.

[0060] As illustrated in FIG. 14, in some embodiments, the
inserts 308 respectively disposed on the inner and/or outer
liners 304 and/or 306 can be over-molded into the associated
liner 304 or 306 for attachment purposes, and as illustrated in
the example embodiment of FIGS. 15A and 15B, can utilize
the circumferential flange 312 in various sizes and configu-
rations to help retain and distribute forces within the material
of the associated liner 304 or 306.

[0061] The inserts 308 can be held in the associated liner
304 or 306 by, for example, friction, or alternatively, by any
other suitable means, including adhesives, heat bonding and/
or welding, and similarly, the respective ends of the isolation
dampers 310 can held in the corresponding inserts 308 by
friction, or alternatively, be fixed in the inserts 308 by any
suitable method or means. The inserts 308 can be made of any
suitable material, including thermosetting or thermoforming
plastics, such as acrylonitrile butadiene styrene (ABS), poly-
vinylchloride (PVC), polyurethane (PU), polycarbonates,
nylon, various alloys of metals, and the like.

[0062] Similarly, the isolation dampers 200 can be formed
of a wide variety of elastomeric materials, including MCU
(micro-cellular urethane), EPU, natural rubber, synthetic rub-
bers, foamed elastomers of various chemical constituents,
solid cast elastomers of various chemical constituents,
encased liquids, gels or gases providing flexible structures,
and any flexible assembly of any other kind that will provide
the desired degree of omnidirectional movement.

[0063] The specific thicknesses of the various liners and
gaps, if any, between them can be varied widely depending on
the particular application of the helmet. The geometries and
relative arrangement of the various liners and any gaps
between them can also be varied to manage the characteristics
of'the helmet in response to impacts from a range of different
directions and magnitudes. For example, in one specific
example embodiment, inner and outer EPS liners with respec-
tive thicknesses of about twenty (20) millimeters and twelve
(12) millimeters can be used with an air gap of about six (6)
millimeter between them.

[0064] FIG.16isa cross-sectional view of another example
embodiment of a helmet 400 in which isolation dampers 402
are affixed, e.g., with an adhesive, to an outer surface of an
inner liner 412, and associated plugs 404 extending through
corresponding recesses 406 disposed in the outer liner 408 to
fill the recesses to establish a desired “pre-load” on the iso-
lation dampers 402. The isolation dampers 402 are selectively
distributed across the geometry of the helmet 400. As dis-
cussed above, the isolation dampers 402 can maintain a
selected spacing or gap 410 between the inner liner 412 and
outer liner 408. Also, it should be understood that, as in the
embodiments above, the isolation dampers 402 can be dis-
tributed in any arrangement desired to tune the particular
energy management characteristics of the helmet 400. The
arrangement of the isolation dampers 402 can be regular or
irregular, and can allow for a complete separation or a partial
contact between different liners.

[0065] FIG. 17 is a top and left side perspective view of an
example inner liner 502 of a helmet 500 embodiment having
an outer surface that is fitted with inserts 504, showing isola-
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tion dampers 506 respectively fitted into the inserts 504 and
reinforcing webs or strands 508 interconnecting some or all
of the inserts 504 so as to form a web-like structure that
distributes forces across the surface of the liner 502. As
described above, the isolation dampers 506 can be fitted into
the inserts 504 and held therein by, e.g., a friction fit and/or
with adhesives. The interconnecting strands 508 can be
formed using any suitable material, and can be formed on
either or both of the inner and/or the outer surface of the liner
502 by, for example, an overmolding process in which the
interconnecting strand structure 508 is molded onto the sur-
face of the EPS liner. Alternatively, the inserts 504 and inter-
connecting strands 508 can be combined in an integral
molded, e.g., injection molded, assembly and then bonded to
the associated liner.

[0066] As those of some skill will understand, intercon-
necting some or all of the inserts 504 can be used to manage
the load distribution from the isolation dampers 506 across
the liner 502. Of course, the same technique can be used in an
outer liner and/or an intermediate layer (not illustrated) to
good effect. Interconnections 508 with various geometries
can be provided among a group of inserts 504 to increase the
respective load distribution areas of the liners and/or layers.
Interconnection of the inserts 504 can also add significant
tensile strength to the liner or layer as a whole. Interconnec-
tions 508 can also help to separate the elastic deformation and
spring rate of the isolation dampers 506 from those of the
associated liner or layer itself, providing for a greater control
over the response of the helmet 500 to different types of
impact forces.

[0067] For example, when used with an EPS liner 502, an
interconnected web structure 508 can decrease the force per
unit area of the shear and compressive forces respectively
exerted by the isolation dampers 508 on the liner 502. This
creates a larger, less sensitive range of elastomer compression
by reducing the elastic deformation of the EPS foam material
of the liner 502 and minimizing failure of the EPS air cells
that can, dependent on the EPS foam density rating, rupture
under certain impact force levels. Since the rupturing of air
cells in EPS is inimical to its impact absorbing performance,
the inserts 504 and interconnections 508 can eliminate or
substantially reduce the damage resulting from small and
medium force impacts and preserve the ability of the EPS to
absorb the forces of larger impacts.

[0068] Theability to control and separate the spring rates of
the different components using inserts 504 and interconnec-
tions 508 increases the ability to tune the protective charac-
teristics of the helmet 500 and provide superior protective
qualities. For example, the isolation dampers 506 can be
configured using different materials and geometries not only
to allow for rotational deformation, but also to increase their
effective spring rate at the point of contact between one EPS
liner and another so as to prevent a hard impact or rapid
acceleration between the two liners.

[0069] An embodiment of a helmet outer liner assembly
600 in accordance with the present disclosure is illustrated in
the perspective view of FIG. 18. In the embodiment of FIG.
18, the outer liner assembly 600 comprises two liner halves
602 and 604 of a full liner that is split about the centerline
from the forehead to the back in a zigzag pattern 606 and
assembled together by various bonding agents or mechanical
means, and then reinforced by the addition of an exoskeleton
structure 608 designed to retain the assembly and add
strength to resist the force of an impact to a helmet within
which the liner 600 is disposed. The splitting of the outer liner
600 is to provide a manufacturing method of assembly of the
outer liner 600 to an inner liner (not illustrated) with the
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isolation dampers (not illustrated) installed as an alternative
method to inserting the inner liner into the outer liner 600 and
the attachment of the dampers to both liners during these two
processes. The split liner 600 provides the added option to
allow for over molding of recess cups into the EPS, or other
foam liner materials, to increase the strength of the system
and smooth out the manufacturing processes.

[0070] FIG. 19 illustrates an embodiment of a helmet liner
assembly 700 in which the outer and inner liners 702 and 704
are spaced by an optional isolation damping method, which is
retained by various bonding agents or mechanical means.
This embodiment consists of the outer and inner liners 702
and 704 spaced by a high density array of small diameters of
flexible columns 706, like a hair brush or “porcupine,” that are
attached to both liners by mechanical means or bonding, that
displace under impact in any direction providing omnidirec-
tional movement in linear impact and shearing forces. The
elastomeric “porcupine” material 706 can be made as indi-
vidual components or as a molded assembly and applied in
various array patterns between the two liners 702, 704 or
designed to be over molded into the liner materials as an
alternative method. As small cylindrical shaped columns 706,
this embodiment will compress and buckle under an impact
load as well as provide movement in rotational shear as the
columns bend and compress under load. The negative of this
method is that there is a lot of material in the dampers 706 that
will be compressed onto its self as it has no specific volume to
retreat into as it compresses as in previous embodiments
described, to get a good result it may take a much larger gap
between the two liners to achieve desired performance.

[0071] Initial laboratory testing of prototype helmets using
the omnidirectional impact energy management systems of
the invention indicates that it is highly effective in managing
both translational and rotational impact forces. Testing indi-
cated that the prototype helmets exceed DOT, ECE, and Snell
test standards, while providing significantly better overall
protection against the likelihood of brain injury, particularly
in the range of lower threshold impact velocities less than
about 120 G-force peak accelerations. It is commonly under-
stood that concussion injuries commonly occur in the range
of about 80 to about 100 G-force peak acceleration in adult
males. The prototypes also performed significantly better in
terms of time attenuation, that is, slowing down the transfer of
energy during an impact. The chart below (Table 1) compares
the best performing prototype helmet test to date (“Proto 6”)
against a control helmet of the same model having a conven-
tional liner for peak acceleration (measured in g-force) and
Head Impact Criteria (“HIC”) values, including the percent-
age increase up or down.

TABLE 1

Drop Test Control Helmet Prototype Helmet % +/—
Peak Acc. G's #1 46.5 31.6 -32.0%
Peak Acc. G's #2 121.2 104.9 -13.4%
Peak Acc. G's #3 209.9 1792 —-14.6%
HIC #1 57 30 -47.4%
HIC #2 516 348 -32.6%
HIC #3 1545 1230 -20.4%
[0072] By using different materials and configurations, it is

possible to adjust or tune the protection provided by helmets
thatuse the systems of the disclosure, as would be understood
by one skilled in the art. The liners and any other layers can be
formed from materials with distinct flexibility, compression,
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and crush characteristics, and the isolation dampers can be
formed from various types of elastomers or other appropriate
energy absorbing materials, such as MCU. Thus, by control-
ling the density and stiftness of the isolation dampers and
related internal constructional materials, safety helmets can
be configured to strategically manage impact energy based on
the known range of common head weights expected to be
present in any given helmet, and by helmet size, and by any
give sporting activity.

[0073] The foregoing description is presented so as to
enable any person skilled in the art to make and use the
invention. For purposes of explication, specific nomenclature
has been set forth to provide a thorough understanding of the
disclosure. However, it should be understood that the descrip-
tions of specific embodiments or applications provided herein
are provided only by way of some example embodiments of
the invention and not by way of any limitations thereof.
Indeed, various modifications to the embodiments will be
readily apparent to those skilled in the art, and the general
principles defined herein can be applied to other embodi-
ments and applications without departing from the spirit and
scope of the invention. Thus, the present invention should not
be limited to the particular embodiments illustrated and
described herein, but should be accorded the widest possible
scope consistent with the principles and features disclosed
herein.

What is claimed is:

1. A helmet, comprising:

an outer shell;

an outer liner disposed within and coupled to the outer

shell; and

an inner liner disposed within and coupled to the outer liner

with at least one isolation damper for omnidirectional
movement of the inner liner relative to the outer liner and
the outer shell.

2. The helmet of claim 1, further comprising at least one
intermediate liner disposed between the inner liner and the
outer liner.

3. The helmet of claim 2, wherein:

the intermediate liner is coupled to the outer liner by at least

one other isolation damper; and

the inner liner is coupled to the outer liner by the at least one

isolation damper, the intermediate liner and the at least
one other isolation damper.

4. The helmet of claim 1, wherein an outer surface of the
outer liner is affixed to an inner surface of the outer shell, and
wherein the at least one isolation damper is elongated and has
opposite ends and rests flush on a surface of either or both the
outer and inner liners.

5. The helmet of claim 1, wherein:

the at least one isolation damper comprises a disk having a

concave recess disposed in a lower surface thereof, a
convex protrusion extending from an upper surface
thereof, and a flange extending around the circumfery
thereof;,

the inner liner includes at least one convex protrusion dis-

posed in spaced opposition to at least one concave recess
disposed in the outer liner; and

the at least one isolation damper is disposed between the

inner and outer liners such that the concave recess of the
at least one isolation damper is disposed over the at least
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one convex protrusion on the inner liner, and the protru-
sion of'the at least one isolation damper is nested within
the at least one concave recess in the outer liner.

6. The helmet of claim 1, further comprising a mechanism
for preventing at least one of over-rotation and/or over-trans-
lation of the inner liner relative to the outer liner.

7. The helmet of claim 6, wherein the mechanism com-
prises at least one lug extending from an outer surface of the
inner liner and disposed in engagement with a corresponding
recess in the outer liner.

8. The helmet of claim 1, wherein:

the at least one isolation damper is elongated and has

opposite ends;

the inner liner includes at least one recess disposed in

spaced opposition to at least one recess in the outer liner;
and

the opposite ends of the at least one isolation damper are

respectively engaged in corresponding ones of the
recesses.

9. The helmet of claim 8, wherein at least one of the
recesses includes a frusto-conical portion located at a surface
of a corresponding one of the liners.

10. The helmet of claim 8, wherein:

at least one of the recesses includes a frusto-conical por-

tion; and

the end of the at least one isolation damper engaged in the

at least one recess is complementary in shape to the
frusto-conical portion of the at least one recess.

11. The helmet of claim 8, wherein at least one of the
opposite ends of the at least one isolation damper is retained
in the corresponding recess by simple location, friction, an
adhesive bond, and/or a weldment.

12. The helmet of claim 8, further comprising at least one
insert disposed in at least one of the recesses, and wherein at
least one of the opposite ends of the at least one isolation
damper is engaged in the insert.

13. The helmet of claim 12, wherein the at least one end of
the at least one isolation damper is retained in the at least one
insert by simple location, friction, an adhesive bond, and/or a
weldment.

14. The helmet of claim 12, further comprising at least one
reinforcing web interconnecting the at least one insert to at
least one other insert in a corresponding one of the liners.

15. The helmet of claim 8, wherein the at least one isolation
damper is generally cylindrical.

16. The helmet of claim 8, wherein the at least one isolation
damper has an hourglass shaped portion disposed intermedi-
ate the opposite ends.

17. A method for making a helmet, the method comprising:

affixing an outer liner to and inside of an outer shell; and

coupling an inner liner in spaced opposition to and inside of
the outer liner for omnidirectional movement of the
inner liner relative to the outer liner and the outer shell.

18. The method of claim 17, further comprising providing
an outer shell separated into two or more pieces that are
reassembled onto the inner liner and isolation dampers to
make the assembly.

19. The method of claim 18, further comprising providing
an outer exoskeleton structure to retain the assembly of parts
of the outer liner.

20. The method of claim 17, further comprising interpos-
ing an intermediate liner between the inner liner and the outer
liner.
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21. The method of claim 17, wherein the coupling com-
prises coupling respective ones of opposite ends of at least
one elongated isolation damper to corresponding ones of the
liners.

22. The method of claim 17, wherein the coupling com-
prises:

providing at least one isolation damper comprising a disk

having a concave recess disposed in a lower surface
thereof, a convex protrusion extending from an upper
surface thereof, and a flange extending around the cir-
cumfery thereof;
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forming at least one convex protrusion on the inner liner
disposed in spaced opposition to at least one concave
recess disposed in the outer liner; and

disposing the at least one isolation damper between the
inner and outer liners such that the concave recess in the
isolation damper is disposed over the at least one convex
protrusion on the inner liner, and the convex protrusion
on the isolation damper is nested within the concave
recess in the outer liner.
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