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(54) HEADGUARD FOR PROTECTING THE HEAD OF A USER FROM IMPACT FORCES

(57) A headguard for protecting a head of a user from
impact forces includes an inner layer defining an interior
space that is occupied by the user’s head, an outer layer
joined to the inner layer and forming at least one chamber
therebetween, and a plurality of separate and distinct
dampers. At least one damper is at least partially dis-
posed in the chamber. Each damper extends into the
interior space along a respective longitudinal axis. Each
respective damper has a fixed outer end disposed at a
fixed position relative to the outer layer and a free inner
end disposed longitudinally opposite the fixed outer end
in the interior space. Also, the headguard includes a

plurality of separate and distinct engagement members
corresponding to the plurality of dampers. Each engage-
ment member is disposed at the free inner end of the
corresponding damper and is configured to engage the
head of the user. Each damper includes a plurality of
compressible damper elements concentrically arranged
about the longitudinal axis. The plurality of compressible
damper elements include an inner conical damper ele-
ment, a first cylindrical damper element surrounding the
conical damper element, and a second cylindrical dam-
per element surrounding the first cylindrical damper ele-
ment and the conical damper element.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application relates to Australian Provisional Patent Application No. 2015905148, filed on December 12,
2015 and toAustralianProvisional Patent ApplicationNo. 2015903032, filed on July 30, 2015, the entire contents of which
are hereby incorporated by reference.

BACKGROUND

1. Field

[0002] The present application relates to impact protection, and more specifically, to impact protection for the head.

2. State of the Art

[0003] An impact to a moving head can cause the skull to rapidly decelerate, while inertia keeps the brain travelling
forward to impact the inside surfaceof the skull. Such impact of the brain against the skullmay causebruising (contusions)
and/or bleeding (hemorrhage) to the brain. Therefore, deceleration of the head is an important factor to consider in
determining the severity of brain injuries caused by impact to the head.
[0004] In all types of impacts to the head, the head is subjected to a combination of linear acceleration and rotational
acceleration. Linear acceleration is considered to contribute to focal brain injuries, while rotational acceleration is
considered to contribute to both focal and diffuse brain injuries.
[0005] Helmetsmay be used to protect the head from impacts. All helmets add at least some addedmass to the head of
itswearer. However, addingmass to a helmet can increase the rotational acceleration anddeceleration effects to the head
and brain as compared to a helmet of a smaller mass.
[0006] Protective helmets are used in many environments. In sports, such as football, players wear helmets to protect
their heads from repetitive impacts resulting from playing the game. The majority of current technology used in helmets
uses foam paddingwhich is only suitable for very low impacts and to provide comfort. Also, such protective helmets using
foam padding typically offer only one level of compression, which is only suitable to absorb the impact forces for impacts
less than 100 g’s.
[0007] In addition to foam helmet liners, various other impact protection technologies have been proposed for use in
helmets to address linear and/or rotational acceleration. Such technologies include Omni Directional Suspension™
(ODS™), Multiple Impact Protection System (MIPS®), SuperSkin®, and 360° Turbine Technology.
[0008] In a helmet with Omni Directional Suspension™ (ODS™) the outer shell and the liner are separated by ODS™
components. However, the ODS™ components add mass and bulk to the helmet. Also, the ODS™ components include
hard components adhered to the inside of the outer shell. As a result, theODS™system requires the use of a hard and stiff
liner to accommodate the hard components. Moreover, there is a possibility of individual ODS™ components detaching
due to wear and tear.
[0009] In a helmet that incorporates theMIPS®, the helmet includes an outer shell, an inner liner, and a low friction layer.
The low friction layer is located on the inside of the foam liner against the head, such that the shock absorbing foam liner is
not indirect contactwith thehead.However, theuseof the friction layerand itsattachments reduces theability of thehelmet
to effectively absorb an impact force. Moreover, MIPS® technology adds mass and bulk to the helmet.
[0010] In a helmet with SuperSkin®, a layer of a membrane and lubricant is applied to the outer shell of the helmet. The
layer reduces frictionbetween theouter shell and the impactingsurface thereby reducingangular (rotational) effectson the
head and brain.
[0011] In a helmet with 360° Turbine Technology multiple circular turbines are located on the inside of the foam liner
against the head.While the technology addsminimalmass to the helmet, portions of the turbinesmay dislodge fromwear
and tear and, therefore, may not provide protection to the wearer of the helmet during an impact.
[0012] With the exception of SuperSkin® Technology, the above-mentioned helmet technologies do not take into
account thewhole thickness andmassof the helmet as a factor in limiting deceleration. Also, the above-mentioned helmet
technologiesencourage the incorporationof harder andstiffer liners (expandedpolystyrene (EPS) foamandother foams).
However, harder and stiffer liners may be detrimental to a helmet’s effectiveness to absorb translational and angular
impact forces.
[0013] Additionally, somehelmets employ rubber cylinderswithin a liner of the helmet between thewearers headandan
outer skin or shell of the helmet. Such rubber cylinders are configured to have a neutral state in which they contain air.
During an impact involving the helmet, the wearer’s head compresses the liner and the rubber cylinders, which, when
compressed, release the air contained in the cylinder through a valve or opening. After the impact, the cylinders expand
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and refill with air. However, such air-filled rubber cylinders offer only one level of compression and protection against low
impact forces, which is not useful for protecting againstmore severe impact forces thatmay be experienced by awearer of
the helmet.

SUMMARY

[0014] Impact types may be classified as impacts involving a translational (linear) force and impacts involving a
rotational force, whichmay occur together in an impact or separately. For impacts involving a pure translational force, the
helmeted head of the rider undergoes rapid acceleration or decelerationmovement in a straight linewithout rotating about
the brain’s center of gravity, which is located in the pineal region of the brain. For impacts involving a pure rotational force,
the helmeted head undergoes rapid rotational acceleration or deceleration about the brain’s center of gravity.
[0015] This application relates to improved head protection against repetitive impact forces (or shock). The impact
forces may include translational and rotational forces to the head. As used herein, translational forces are those forces
resolved in a direction normal or perpendicular to the skull of the head, and rotational forces are those forces resolved in a
direction tangential to the skull of the head or perpendicular to the translational forces causing the head to rotate about its
center of rotation. In particular, this application relates to head protection systems that include helmets, such as sporting
(e.g., football, hockey) and construction helmets, which incorporate compressible energy absorbers to protect against
repetitive impact forces to the head.
[0016] According to one aspect of the disclosure, a head protection system includes a helmet and at least one
compressible energy absorber, hereinafter referred to as a "damper", which is coupled to the helmet to offer protection
to a wearer of the helmet against repetitive impact forces. The damper(s) may be coupled to one or more of an outer shell
and an inner liner of a helmet. For example, the dampers may be mechanically fastened or adhered to at least one of the
interior surface of an outer shell and/or the liner (e.g., expanded polystyrene foam or any other suitable liner materials) of
the helmet. The outer shell of the helmet may be hard or soft, such as vinyl outer covering. The dampers may be made of
one or more suitable materials, such as silicone rubber.
[0017] The damping system is configured to responds to repetitive impact forces (translational and rotational) that are
beingappliedexternally to theouter surfaceof thehelmet. Thedampingsystemcanbe incorporated inall typesof helmets,
including sports helmets and construction helmets. In contrast to the prior art, the dampers described herein provide
multiple levels of compression and energy absorption for a wider range of magnitude of impact forces.
[0018] According to one aspect, further details of which are described herein, a system for protecting a head of awearer
froman impact force includes a helmet defining an interior space for housing the head, and at least one damper coupled to
the helmet at a first end andextending therefromalong a longitudinal axis to a secondend. The dampermay be comprised
of a plurality of compressible energy damper elements concentrically arranged about the longitudinal axis. The plurality of
compressible energy damper elements may include at least an outer damper element and an inner damper element,
where the outer damper element surrounds the inner damper element and extends to the second end of the damper.
[0019] The outer damper element has a first uncompressed length and the inner element has a second uncompressed
length that is different from the first uncompressed length.
[0020] Thefirst uncompressed lengthof theouterdamperelementmaybe longer than theseconduncompressed length
of the inner damper element. Also, the plurality of concentrically arranged compressible energy damper elements may
include at least one intermediate damper element concentrically arranged between the outer and inner energy damper
elements. The at least one intermediate damper element may have a third uncompressed length that is less than the first
uncompressed lengthandgreater than theseconduncompressed length.Thesystemmay includeaheadstabilizer,which
isattached to theouter damperelementat thesecondendof thedamper, andwhich is configured toengage theheadof the
wearer when the helmet is worn by the wearer.
[0021] The systemmay include a plurality of dampers coupled to the helmet, and the dampersmay be arranged in anX-
shapedpattern. A portion of the dampermaybe seated inside oneormoreopenings defined in at least oneof an inner liner
and an outer shell of the helmet.
[0022] The inner damper elementmayhavea free end that is longitudinally spacedbetween the first and secondends of
the damper. The plurality of concentrically arranged compressible energy damper elements may each have a compres-
sible, convoluted cylindricalwall spaced radially fromeachother. Thewall of the inner damperelementmaybe thicker than
thewall of the outer damper element. The inner damper elementmaybea conehavinga tip spaced longitudinally between
the first and second ends of the damper.
[0023] Responsive to an impact force belowapredetermined threshold applied to thehelmet, the outer damper element
may be compressed independently of the inner damper element, and responsive to an impact force above the
predetermined threshold applied to the helmet, the outer damper element and the inner damper element may both be
compressed.
[0024] According to another aspect, further details of which are described herein, a system for protecting a head of a
wearer from an impact force includes a helmet defining an interior space for housing the head, and at least one damper
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coupled to the helmet at a first end and extending therefromalong a longitudinal axis to a second end. The dampermay be
comprised of a plurality of concentric compressible energy damper elements including at least a first damper element
having a first length and a second damper element having a second length, and each energy damper element is arranged
end to end along the axis in a serial configuration along the radial direction.
[0025] The first damper element may extend from the first end of the damper and the second damper element extends
from thesecondendof thedamper, and the first damper element hasafirst stiffnessand the seconddamper element hasa
second stiffness different from the first stiffness. The first stiffness may be greater than the second stiffness. The first
damper may have a wall thickness that is greater than a wall thickness of the second damper.
[0026] According to yet another aspect, a system for protecting a head of a wearer from an impact force includes a
helmet defining an interior space for housing the head, and at least one damper coupled to the helmet at a first end and
extending therefrom along a longitudinal axis to a second end. The damper is comprised of a plurality of concentric
compressible energy damper elements including at least a cylindrical outer damper element and a conical inner damper
element surrounded by the outer damper element. The outer damper element has a first uncompressed length and the
inner element has a second uncompressed length that is less than the first length.
[0027] Theconical inner damper elementmayhaveacircular baseat a first endof the conical inner damper element and
have a tip at a second end of the conical inner damper. The cylindrical outer damper has a first end attached to the base of
the inner damper and a second end spaced longitudinally from the tip of the inner damper. The conical inner damper
element may have a stiffness that is a function of longitudinal position.
[0028] According to another aspect, further details of which are described herein, a headguard for protecting a head of a
user from impact forces includesan inner layer definingan interior space that is occupiedby theuser’s head, anouter layer
joined to the inner layer and forming at least one chamber therebetween, and a plurality of separate and distinct dampers.
At least one damper is at least partially disposed in the chamber. Each damper extends into the interior space along a
respective longitudinal axis. Each respective damper has a fixed outer end disposed at a fixed position relative to the outer
layer and a free inner end disposed longitudinally opposite the fixed outer end in the interior space. Also, the headguard
includes a plurality of separate and distinct engagement members corresponding to the plurality of dampers. Each
engagementmember is disposed at the free inner end of the corresponding damper and is configured to engage the head
of the user. Each damper includes a plurality of compressible damper elements concentrically arranged about the
longitudinal axis. The plurality of compressible energy damper elements include an inner conical damper element, a first
cylindrical damper element surrounding the conical damper element, and a second cylindrical damper element surround-
ing the first cylindrical damper element and the conical damper element.
[0029] According toanother aspect, further details ofwhicharedescribedherein, ahelmet for protectingaheadof auser
from impact forces includes an outer shell, and an inner layer joined to the outer shell and defining an interior space that is
occupied by the user’s head. The inner layer defines aplurality of boreholes therein. Also, the helmet includes aplurality of
separate and distinct dampers, one of each damper being at least partially disposed in a corresponding one of the
boreholes.Eachdamperextends into the interior spacealonga respective longitudinal axis coaxialwith thecorresponding
borehole. Each respective damper has a fixed outer end disposed at a fixed position relative to the outer layer and a free
inner end disposed longitudinally opposite the fixed outer end in the interior space. Also, the helmet includes a plurality of
separate and distinct engagement members corresponding to the plurality of dampers. Each engagement member is
disposedat the free inner endof the correspondingdamper and is configured toengage theheadof theuser.Eachdamper
includes a plurality of compressible damper elements concentrically arranged about the longitudinal axis. The plurality of
compressible energy damper elements includes an inner conical damper element, a first cylindrical damper element
surrounding theconical damperelement, andasecondcylindrical damperelement surrounding thefirst cylindrical damper
element and the conical damper element.
[0030] In accordancewith yet another aspect, further details ofwhich are described herein, a headguard for protecting a
head of a user from impact forces includes an inner layer defining an interior space that is occupied by the user’s head, an
outer layer joined to the inner layer and forming at least one chamber therebetween, andaplurality of separate anddistinct
dampers. At least one damper is at least partially disposed in the chamber. Each damper extends into the interior space
along a respective longitudinal axis. Each respective damper has a fixed outer end disposed at a fixed position relative to
the outer layer and a free inner end disposed longitudinally opposite the fixed outer end in the interior space. Further, the
headguard includes a plurality of separate and distinct engagement members corresponding to the plurality of dampers.
Each engagementmember is disposed at the free inner end of the corresponding damper and is configured to engage the
head of the user. Each damper includes a plurality of compressible damper elements concentrically arranged about the
longitudinal axis, the plurality of damper elements including a plurality of linear damper elements and a non-linear damper
element. The linear damper elements may include cylindrical damper elements and the non-linear damper element may
be a conical damper element.
[0031] In yet another aspect, further details of which are described herein, a helmet for protecting a head of a user from
impact forces includes an outer shell, an inner layer joined to the outer shell and defining an interior space that is occupied
by the user’s head, the inner layer defining a plurality of boreholes therein. Also, the helmet includes a plurality of separate
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and distinct dampers, one of each damper being at least partially disposed in a corresponding one of the boreholes. Each
damper extends into the interior space along a respective longitudinal axis coaxial with the corresponding borehole. Each
respectivedamperhasafixedouter enddisposedatafixedposition relative to theouter layeranda free innerenddisposed
longitudinally opposite the fixed outer end in the interior space. Further, the helmet includes a plurality of separate and
distinct engagement members corresponding to the plurality of dampers. Each engagement member is disposed at the
free inner end of the corresponding damper and is configured to engage the head of the user. Each damper includes a
plurality of compressible damper elements concentrically arranged about the longitudinal axis, the plurality of damper
elements including a plurality of linear damper elements and a non-linear damper element. The linear damper elements
may include cylindrical damper elements and the non-linear damper element may be a conical damper element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

Fig. 1 is anexpanded isometric viewof anembodiment of anenergyabsorber or damper, in accordancewithanaspect
of the present disclosure.

Fig. 2 is an unexpanded isometric view of the damper of Fig. 1.

Fig. 3 is a view of the damper of Fig. 2 along section 3‑3 in Fig. 2.

Fig. 4A is a view of an inner side of a helmet in which a plurality of dampers of Figs. 1 and 2 are incorporated, in
accordance with an aspect of the present disclosure.

Fig. 4B is a view of the helmet and dampers of Fig. 4A along section 4B‑4B in Fig. 4A.

Fig. 4C is a view of the helmet and dampers of Fig. 4A along section 4C‑4C in Fig. 4A when worn by a user.

Fig. 5A is a section view of a portion of a helmet and another embodiment of a damper coupled to the helmet.

Fig. 5B is a side elevation view of an outer damper element of the damper shown in Fig. 5A.

Fig. 5C is a view of the outer damper element of Fig. 5B along a center section thereof.

Fig. 5D is a side elevation view of an inner damper element of the damper shown in Fig. 5A.

Fig. 5E is a view of the inner damper element of Fig. 5D along a center section thereof.

Fig. 5F illustrates the helmet and damper of Fig. 5A with a thinner helmet construction and shorter damper.

Fig. 6 is a center section view of another embodiment of a damper in accordance with an aspect of the disclosure.

Fig. 7A is a center section view of another embodiment of a damper, in accordance with an aspect of the disclosure.

Fig. 7B is an isometric view of the damper of Fig. 7A with a cover removed for clarity of illustration.

Fig. 8A illustrates the damper of Fig. 7A coupled to a helmet.

Fig. 8B illustrates the damper of Fig. 7A incorporated into another helmet.

Fig. 8C illustrates the damper of Fig. 7A incorporated into another helmet.

Fig. 9 is a center section view of another embodiment of a damper, in accordance with an aspect of the disclosure.

Fig. 10A is a center section view of another embodiment of a damper, in accordance with an aspect of the disclosure.

Fig. 10B is a center section view of another embodiment of a damper, in accordance with an aspect of the disclosure.
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Fig. 11A is a center section view of another embodiment of a damper, in accordance with an aspect of the disclosure.

Fig. 11B is a center section view of another embodiment of a damper, in accordance with an aspect of the disclosure.

Fig. 11C is a center section view of the damper of Fig. 11A incorporated into the helmet of Fig. 4B

Fig. 11D is a center section view of the damper of Fig. 11B incorporated into the helmet of Fig. 5A.

Fig. 11E is a center section view of an alternate of the damper of Fig. 11B incorporated into the helmet of Fig. 5F.

Fig. 11F is a center section view of the damper of Fig. 11A incorporated into another embodiment of a helmet.

Fig. 12 shows an embodiment of a portion of a headband or headguard.

Fig. 13A illustrates an embodiment of a headguard in accordance with an aspect of the disclosure.

Fig. 13B illustrates a portion of the headguard viewed along section 13B‑13B in Fig. 13A.

Fig. 13C illustrates a portion of the headguard viewed along section 13C‑13C in Fig. 13B.

DETAILED DESCRIPTION

[0033] Fig. 1 shows an embodiment of an energy absorber or "damper" 100, which may be coupled to a helmet (e.g.,
helmet 400, Fig. 4A) in a head protection system (e.g., system 101, Fig. 4A), as described in greater detail below. When
such a helmet is placed on a head (e.g., head 103, Fig. 4C) andworn by a user, the user’s head is at least partially isolated
from thehelmet by thedampers100,whichare interposedbetween theheadand thehelmet. Asdescribed ingreater detail
below, compression of the dampers 100 helps to decelerate the head during an impact, resulting in a reduction of the
impact force and energy transmitted to the head.
[0034] As shown in Figs. 1 and 2, the damper 100 includes a plurality of concentrically arranged resilient damper
elements 1, 2, and 3 arranged in a nested configuration. For example, as shown in Fig. 1, an inner damping element 1 is
concentrically positioned within a middle damping element 2, which is concentrically positioned within an outer damping
element 3. The outer damper element 3 has an upper end 3a and a lower end 3b. The middle damper element 2 has an
upper end 2a anda lower end 2b. The inner damper element 1 has an upper end 1a and a lower end 1b. A head stabilizer 4
is attached to the lower end 3b of the outer damper element 3. The head stabilizer 4 is configured to engage the head (e.g.,
head 103, Fig. 4C) of a wearer of the helmet 400 of Fig. 4, as will be described in further detail below.
[0035] In the example embodiment the damper elements 1, 2, and 3 are all made of one piece and are made from one
material, such as silicone rubber, D3O ( a registered trademark of Design Blue Limited Company of East Sussex, UK),
PORON (a registered trademark of Rogers Corporation of Connecticut), Armourgel (produced by Armourgel Limited of
Taiwan) or someother suitablematerial. The density of the damping elements 1, 2, and 3, and head stabilizer 4maybe the
same or may be different.
[0036] InFig. 2 thedamper100 is shown inaneutral, uncompressedstate. Thedamper100 is configured for longitudinal
compression and expansion along axis A-A in response to translational impact force application to and removal from the
damper 100. The damper 100 is flexible and resilient and is configured to return to the neutral state when external impact
forces are no longer applied to the damper 100. In the example embodiment shown in Fig. 2, the lengths of the damper
elements 1, 2, and 3, asmeasured in their neutral state, are different from one another so that the bottom ends 1b, 2b, and
3b of each respective damping element 1, 2, and 3 are longitudinally spaced from each other. Specifically, in the example
shown, the lengthof thedamperelements1, 2, and3 increaseswith increasing radial distanceaway from theaxisA-Asuch
that the inner damper element 1 has a first length, the middle damper element 2 has a second length larger than the first
length, and the outer damper element 3 has a third length that is larger than both the first and second lengths. The vertical
spacing of the bottomends1b, 2b, and 3bof the damper elements 1, 2, and3, provides for various combinations of springs
to be compressed based on the magnitude of impact force applied to the damper 100, further details of which will be
described in detail below.
[0037] Also, the damper 100 is configured for some amount of lateral deflection or swingingmotion about axis A-A from
the neutral state in response to rotational impact force application to thedamper 100. For example, the damper 100 shown
in Fig. 4Bmay deflect in an arc (shown by arrow B) about its point(s) of connection (e.g., between the inside surface of the
helmet 400 and lower lips 1", 2’’, and 3’’, discussed below) with the helmet 400. The damper 100 is resilient and is
configured to return to the neutral state when external impact forces are no longer applied to the damper 100. In the
exampleembodiment shown inFig. 2, theelements1, 2, and3are radially spaced fromoneanother,with theouter damper
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element 3 having the largest diameter and the inner damper element 1 having the smallest diameter. The radial spacing of
the damper elements 1, 2, and 3 provides the damper 100with some rigidity to resist lateral deflection and prevent kinking
of the damper elements 1, 2, and 3. Specifically, when the damper is progressively compressed from the neutral position,
the head stabilizer 4 will successively engage the middle damper element 2 and then the inner damper element 1. When
the middle damper element 2 is engaged, the area moment of inertia of the damper 100 is effectively increased as
compared to the stiffness of the outer damper element 3 alone. Also, when the inner damper element 1 is engaged along
with the middle damper element 2 and the outer damper element 3, the area moment of inertia of the damper 100 is
effectively further increased. Thus, in other words, the multiple annular damper elements 1, 2, and 3 can, in combination,
increase the flexural rigidity of the damper 100 so that it will laterally deflect less under the same bending moment.
[0038] As shown in Fig. 2, each damper element 1, 2, and 3 includes a corresponding upper lip 1’, 2’, and 3’ and lower lip
1", 2", and3" that are joined together at a radially inner curvedwall 1"’, 2"’, and3"’. Oneormoreof the upper lip 1’, 2’, and3’,
corresponding lower lip 1", 2", and 3", and corresponding curved wall 1‴, 2"’, and 3‴may be adhered, fused, or otherwise
coupled to the outer shell 401of the helmet 400 (Fig. 4B) or to a liner 502 (Figs. 5A, 5B) on the inside of the outer shell of the
helmet. Alternatively, where the damper 100 is adhered to the inside surface of the helmet 400 the damper 100 may be
formedwithout upper lips 1’, 2’, and 3’ andwithout inner curvedwalls 1‴, 2‴, and 3‴. In such a case, lower lips 1", 2", and 3’’
are formed for attachment (i.e., adhesive attachment) to the inside surface of the outer shell 401 of the helmet 400 or to a
liner (e.g., liner 402) inside the shell.
[0039] In the specific embodiment shown in Fig. 2, each of the lower lips 1", 2" and 3" is formed as an annulus while
corresponding upper lips 1’, 2’, and 3’ are formed as arcuate annular segments spaced vertically above their correspond-
ing lower lips1", 2"and3".Forexample,upper lip1’ includesapair of diametrically opposedupper lip segments1’aand1’b.
The upper lip segments 1’a and 1’b are longitudinally spaced along axis A-A fromannular lower lip 1" by curvedwall 1‴. As
shown in Fig. 2, the middle damper element 2 and outer damper element 3 may have the same construction of the upper
and lower lips as damper element 1. The upper lip 1’, lower lip 1", and curvedwall 1‴ define a set of circumferential groove
segments which may be configured to receive and seat in corresponding arcuate slots (not shown) in an outer shell (e.g.,
shell 401) of a helmet (e.g., helmet 400). Such amechanical fasteningmay be used alone or additionally with adhesive to
couple the damper 100 to the helmet. Also, the lower lips 1", 2", and 3" may be adhered or attached to an inner side of an
outer shell (e.g., outer shell 401,Fig. 4B) of ahelmet (e.g., helmet 400,Fig. 4B) or toan inner liner (e.g., liner 502,Fig. 5A) of
a helmet (e.g., helmet 500, Fig. 5A).
[0040] The upper lip segments of each upper lip 1’, 2’, and 3’ are circumferentially spaced ninety degrees from one
another so that each upper lip segment covers one quarter of the area of their corresponding lower lip. For example, as
shown inFig. 2 theangle subtendedbysideedges1’ aaof upper lip 1’a is about ninetydegreesand theangle subtendedby
sideedges1’bbof upper lip 1’b is about ninety degrees.As shown inFig. 2, themiddle damper element2andouter damper
element 3 may have the same construction of their upper and lower lips as damper element 1.
[0041] Also, the upper lip segments of each damper element 1, 2, 3, are oriented ninety degrees about the axis A-Awith
respect to the upper lip segments of other damper elements. For example, the upper lip 2’ of themiddle damper element 2
includes lip segments2’aand2’bwhichareorientedso that theyare rotatedninetydegreeswith respect to lip segments1’a
and 1’b. Also, the upper lip 3’ of the outer element 3 includes lip segments 3’a and 3’b are rotated ninety degrees with
respect to lip segments 2’a and 2’b.
[0042] As shown in the example in Fig. 3, the damper elements 1, 2, and 3 have a convoluted or pleated wall, which is
compressibleand resilient, asnotedabove.Theamountof compressibility (or stiffness)exhibitedbyeachdamperelement
1, 2, and 3 may be based on the thickness of the wall of the respective damper element, the number of damper
convolutions, and the material properties (e.g., density) of the damper element. The differences in stiffness among the
damper elements and their longitudinally spaced relationship allows for different levels of resistance to impact forces to be
progressively activated based upon the magnitude of the impact force.
[0043] Theconvolutedwall resemblesa tubular bellows. In theexample shown inFig. 3, the inner damper element 1has
four convolutions, the middle damper element 2 has six convolutions, and the outer damping element 3 has eight
convolutions. Theouter and inner diameters of inner damper element 1are about 20.67mmand4.67mmrespectively, the
outer and inner diameters of inner damper element 2 are about 37.33 mm and 25.33 mm respectively, and the outer and
inner diameters of outer damper element 3 are about 50.0 mm and 42.0 mm respectively. Thus, in the example, a wall
thickness t1of the innerdamperelement1 isabout 8mm,awall thickness t2of themiddledamperelement2 isabout6mm,
and a wall thickness t3 of the outer damper element 3 is about 4 mm. Accordingly, in the example, the ratio of wall
thicknesses t1:t2:t3 is: 8:6:4 (or 4:3:2). Also, with regard to the example, in the neutral state of the damper shown in Fig. 2,
the length L3 of outer damper element 3 is about 30mm+/‑ 5mm, the length L2 ofmiddle damper element 2 is about 22.5
mm+/‑ 5mm, and the length L1 of inner damper element 1 is about 15mm+/‑ 5mm. Therefore, as you progress from the
outer damper element 3 to the inner damper element 1 there is an increase in thewall thickness of eachdamper element, a
decrease in height, and an increase in longitudinal and lateral stiffness.
[0044] Turning back toFig. 1, the head stabilizer 4 has agenerally planar circular inner portion 4a centered about axisA-
Aandagenerally concaveouter portion4bconcentrically surrounding the innerportion4a.The innerportion4aof thehead
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stabilizer 4 defines a central hole 6. In one example, a diameter Di of the hole 6 is about 4.67 mm, an outer diameter Dp of
the inner planar portion 4a is about 46.84, and an outer diameter Do of the outer concave portion 4b is about 76.84mm. As
shown in Fig. 3, the hole 6 aligns with hole 5 (which also has a diameter of about 4.67 mm) along axis A-A.
[0045] Fig. 4A illustrates the aforementioned head protection system 101 that includes the helmet 400 and at least one
damper 100 that is coupled to thehelmet 400. For example, in the embodiment shown inFig. 4A, aplurality of fivedampers
100are coupled to thehelmet 400 andextend inwardly alonga longitudinal direction fromafirst end attached to the helmet
to a free end at the head stabilizer 4. The dampers 100 shown in Fig. 4A are distributed in an "X" pattern as follows: one
damper locatedat thecenter (corresponding to the locationof the crownof theheadof awearer of thehelmet), onedamper
at a front position, one damper at a right position, one damper at a left position, and one damper at a rear position. The
helmet 400may include a hard outer shell 401 and one or more liners 402 (e.g., a compressible foam liner) coupled to the
inner side of the outer shell 401. For example, for helmet 400 the outer shell 401 may be made from a thin outer polyvinyl
chloride (PVC) or fiberglass and/or carbon and the liner 402may bemade from expanded polystyrene (EPS) or ethylene-
vinyl acetate (EVA) in-molded to the PVC shell. The helmet 400 may have a comfort liner 402a (not shown in Fig. 4A, but
shown in Figs. 4B and 4C) on an inner side of the liner 402 and may be made from ethylene-vinyl acetate (EVA) or some
other suitable material for comfort. When the helmet 400 is worn by a user, as shown in Fig. 4C, for example, the inner
concave side of the head adjuster 4 is configured to engage a head 103 of a user.
[0046] Fig. 4B shows a view of the system 101 along section 4B‑4B in Fig. 4A. An opening 406 is formed in the liner 402
and comfort liner 402a in which the damper 100 is disposed. The damper 100 extends concentrically within the opening
406 along longitudinal axis A-A. Specifically, the lower lips 1", 2", and 3" of the damper elements 1, 2, and 3, are attached
(e.g., adhesively) toan inner surfaceof theouter shell 401. In theneutral state shown inFigs. 4Aand4B, theheadstabilizer
4 extends just below and in spaced relation to a comfort liner 402a.
[0047] The stepped opening 406 shown in Fig. 4B is defined by a first tapered portion 406a and a second cylindrical
portion406b.Thefirst portion406a isdefinedbya frustoconical surface408havingafirst diameter at the inner side402aof
the liner 402 and having a second, smaller diameter, at an annular shoulder 410. The first diameter is larger than the
diameter of the head stabilizer 4. The annular shoulder 410 extends radially inwardly from the frustoconical surface 408 to
a cylindrical surface 412 of the second portion 406b of the opening 406. The cylindrical surface 412 extends longitudinally
along axis A-A from the annular shoulder 410 to the outer shell 401. The diameter of the cylindrical surface 412 is less than
the second diameter of the frustoconical surface 408. The length of the second portion 406b, measured longitudinally
along axis A-A, from the outer shell 401 is about the same as the length L2 of the middle damper element 2.
[0048] As shown in Fig. 4C, when the helmet 400 is placed on the head 103 of a wearer and the head stabilizers 4 are
engaged with the head 103, the outer damper 3 will be partially compressed, and the head stabilizer 4 will engage (and
possibly slightly compress) themiddle damper element 2, while remaining spaced from the shoulder 410. Since the head
stabilizer 4 is engaged with the middle damper element 2when the helmet is placed on the head 103, the area moment of
inertia of thedamper 100 isautomatically increasedascompared towhen thehelmet 400 isnotwornon thehead (e.g., Fig.
4A). As a result, when the helmet 400 is placed on the head 103, the damper 100 is initially laterally and longitudinally
stiffened and may become even stiffer when the head stabilizer 4 engages inner damper element 1 as described above.
[0049] In an impact between the helmet 400 and an object the user’s head 103 will move with the head stabilizers 4
relative to the outer shell 401 of the helmet 400, causing corresponding longitudinal and/or lateral movement of the head
stabilizer 4 and compression and/or flexure of the damper 100. Due to the direct connection of the head stabilizer 4 to the
outer damper element 3 and the vertical spacing between the ends 1b, 2b, and 3b of the damper elements 1, 2, and 3, the
damperelements1, 2, and3compress sequentially asdescribedabove.Dependingon themagnitudeof the impact forces
(translational and rotational) and the stiffness of the damper elements 1, 2, and 3, two (outer andmiddle damper elements
3 and 2) or all of the damper elements 1, 2, and 3 may longitudinally compress and/or flex laterally.
[0050] For example, initially when the helmet is on the head 103, if the head stabilizer 4 is longitudinally deflected in
response to a sufficiently large impact force, the head stabilizer 4 will apply forces to the liner 402 at the shoulder 410, as
well as the outer andmiddle damper element 3 and2.Specifically, initially following an impact, the outer damper element 3
and the middle damper element 2 distribute the impact force according to their respective stiffnesses such that both the
outer damper element 3 and themiddle damper element 2will deflect together the sameamount with the head stabilizer 4.
Moreover,when thehead103 is engagedwith theheadstabilizer 4, asshown inFig. 4C, translational and rotational impact
forceswill cause thedamper100 to initially bend (transverse toaxisA-A)owing to relative translationalmovementbetween
the outer shell 401 of the helmet 400 and the head stabilizer 4.
[0051] Initially following the impact, the translational and rotational impact forceswill cause the outer damper element 3
and the middle damper element 2 to compress based on their respective stiffnesses and will flex laterally based on the
thickness, number of convolutions, and radial spacing between damper elements 1, 2, and 3. It will be appreciated that the
head 103 extends beyond the outer diameter Do of the head stabilizer 4 and engages the inner surface of the comfort liner
402a around the bore 406when the helmet 4 is worn. Therefore, whenever the damper 100 compresses from the position
shown in Fig. 4C, the comfort liner 402a and the liner 402 will also tend to absorb some of the force of the impact due to
engagement of the head 103with the liners 402a and 402, and, therefore, the liners 402a and 402will also distribute some
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of the impact force in parallel with the damper 100.
[0052] If the magnitude of the impact forces are large enough, the head stabilizer 4 may compress the outer damper
element 3 andmiddle damper element 2 andmove longitudinally along axis A-A to engage and compress the liner 402 at
the shoulder 410, and. When the liner 402, and the middle and outer damper elements 2 and 3 are compressed, their
combinationeffectively increases thestiffnessof thedamper100, and, therefore, thedamperwill experienceadecrease in
longitudinal deflection when exposed to the same forces. Also, when the liner 402, and the outer and middle damper
elements 3 and 2 are engaged with the head stabilizer 4, the damper 100 exhibits an increased lateral stiffness and,
therefore, will experience a decrease in lateral deflection if exposed to the same lateral forces. If the magnitude of the
rotational and translational impact forces are large enough, the head stabilizer 4 may continue moving towards and
engage the lower end 1b of the inner damper element 1, so that all of the damper elements
[0053] 1, 2, and 3 and the liner 402 are compressed by the head stabilizer 4 to absorb the energy of the impact and
decelerate the head relative to the helmet 400.When the combination of the damper elements 1, 2, and 3 and liner 402 are
compressed, the combination will compress, but with a further increase in stiffness of the damper 100 and a further
decrease in the amount of deflection as compared to when only the middle and outer damper elements 2 and 3 are
engaged. Also, when all of the damper elements 1, 2, and 3 are engaged and compressed, the damper 100 exhibits a
further decrease in lateral movement as compared to when only damper elements 2 and 3 are engaged.
[0054] The compression of the liner 402 and the damper elements 1, 2, and 3 results in the absorption of energy as a
result of the damper elements performingwork (Work=Force x distance). The energy absorbed reduces the transmission
of the impact force to the user’s head, thereby assisting in reducing the severity of the impact to the wearer’s head. In one
embodiment, the outer damper element 3 is configured to absorb impacts up to 100 g’s, the outer damper element 3 and
middle damper elements 2 are designed to take impacts up to 200 g’s. The combination of all three damper elements 1, 2,
and 3 are designed to absorb impacts up to about 250 g’s +/‑ 50 g’s.
[0055] The system 101 of Fig. 4A was comparatively tested against skiing and bicycle helmets. The parameters of the
test include a 100 cm drop height and an impact speed of about 4.5 m/sec (15.7 km/hr). One bicycle helmet ("*Bicycle 2
helmet in Table 1, below) that was tested was designed to address rotational acceleration/deceleration impacts. The
comparative data is shown below in Table 1.

Table 1

Type of Helmet Helmet 1
mass =
675g

Helmet 2
mass =
670g

Skiing
mass =
600g

Bicycle 1
mass =
260g

*Bicycle 2
mass =
300g

Rotational acceleration/deceleration
(rad/s2) 2698 2361 3508 5114 4071

Maximum Peak G 85 78 90 86 84

Maximum Angular velocity (rad/s) 10.6 12.4 11.9 18.3 14.4

[0056] Helmets 1 and 2 were constructed in accordance with the present disclosure. Specifically, both Helmet 1 and
Helmet 2 have an outer shell made of fiberglass and carbon, do not include an expanded polystyrene foam liner, include a
10mmcomfort layermadeof ethylene-vinyl acetate (EVA), and incorporate five dampers100asshown inFig. 4Aadhered
to the inner surfaceof theouter shell. Also, thedampers100used inHelmet 1andHelmet 2havewall thicknesseshavinga
ratio of 8:6:4, as described abovewith respect to the example of damper 100. The dampers 100 usedwerewhollymade of
silicone rubber having a density of 1.03 g/L. As shown above in Table 1, the tested Helmet 1 and Helmet 2 produces the
lowest rotational acceleration and deceleration. The differences in mass listed in Table 1 are due to the presence and
number of vent holes in the helmets: Helmet 1 and 2 had no vents, Skiing helmet had a small area of vent openings, and
Bicycle 1 and 2 had a relatively larger overall area of vent openings.
[0057] Fig. 5A illustrates an alternative helmet 500 to helmet 400 in Figs. 4A to 4C. Specifically, the helmet 500
incorporates a damper 150, which is a modified version of damper 100, which substitutes two damper elements 151 and
152 for the three damper elements 1, 2, and 3 of damper 100.Otherwise, the damper elements 151 and 152may have the
same construction as described above in connection with damper elements 1, 2, and 3. Also, the helmet 500 includes a
liner 502,which is similar in construction to that of liner 402, but differing in theconstruction of opening406.Specifically, the
liner 502 defines a countersunk depression 506 rather than opening 406, such that the damper 150 attaches to the liner
502 rather than to an outer shell 501 of the helmet 500. As shown in in Fig. 5A, when the helmet is not placed on the head
103 of a wearer and the stabilizers 504 are disengaged from the head 103, the stabilizer 504 is spaced longitudinally from
liner 502a. Also, a compressible portion 502b of the liner 502 is interposed between the damper 150 and the outer shell
501. The portion 502b thus acts as an additional damper element in parallel with the entire damper 150. The depression
506 includes a first portion506aandasecondportion 506b. The first portion 506a is definedbya frustoconical surface508
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having a first diameter at an inner side 502aof the liner 502 andhaving a second, smaller diameter, at an annular step 510.
The annular shoulder 510 extends radially inwardly from the frustoconical surface 508 to a cylindrical surface 512 of the
secondportion506b. Thecylindrical surface512extends from theannular step510 to abottom514of thedepression 506.
The diameter of the cylindrical surface 512 is less than the second diameter of the frustoconical surface 508. In the
embodiment shown in Fig. 5A, the annular step 510 is aligned with the lower end of the inner damper element 151.When
thehelmet 500 is placedon thehead103and theheadstabilizer 504engage thehead103, thestabilizer 504will compress
the outer damper element 152 and engage and/or slightly compress a lower end 151bof the inner damper element 151.
The damper elements 151 and 152will function in similarmanner as damper elements 3 and 2 of damper 100, except that
the head stabilizer 504will not engage a third damper element inside damper element 151. Instead, the portion of the liner
502b between the damper 150 and the outer shell 501 is continually used to distribute impact forces in series with the
damper150and thatportion502bcompressesbasedon thestiffnessof the linermaterial. Thus,duringan impact, aportion
of the impact forcewill be transmitted to the liner 502 both at the shoulder 510 and in portion 502b, aswell as to the damper
150, which will compress respective amounts based on distribution of the forces therebetween.
[0058] Figs. 5B and 5C show details of outer damper element 152. By way of example, the outer damper element 152
may have a convoluted wall having an outer diameter of 22 mm and an inner diameter of 16 mm. The wall of the outer
damper may have convolutions that are 4 mm thick. The head stabilizer 504 may have an outer diameter of about 30 mm
and an inner diameter of about 8 mm.
[0059] Figs. 5D and 5E show details of the inner damper element 151. The inner damper element 151 may have a
convoluted wall having an outer diameter of about 12 mm and an inner diameter of about 4 mm. The wall of the inner
damper element haveconvolutions that areabout 3.5mm thick.A lower end151aof the inner damper element is shownas
a solid closed flange having a thickness of about 3 mm. Thus, owing to the dimensions of the inner and outer damper
elements 151 and 152 of the example shown in Figs. 5C and 5E, there is a radial spacing of about 2mmbetween the inner
and outer damper elements 151 and 152.
[0060] Fig. 5F illustrates a lower-profile alternative embodiment to that shown in Fig. 5A in which the liner 502 is thinner
(in theaxial dimensionalongaxisA-A) than inFig. 5Aand the lengthof thedamper150alongaxisA-A is less than inFig. 5A.
[0061] Fig. 6 shows a cross-section of another embodiment of a damper 600, which includes three circular damper
elements 601, 602, and 603, and a head stabilizer 604 attached to the damper element 603. The damper elements 601,
602, and 603 are arranged end-to-end in a serial configuration along axis A-A. In Fig. 6 the damper 600 is shown in its
neutral (i.e., fully uncompressed) state. In one embodiment, lower damper element 603 is attached to a middle damper
element 602, which is attached to upper damper element 601. The damper element 603 has a lower end 603b that is
attached to the head stabilizer 604 and has an upper end 603a that is attached to a lower end 602b of the middle damper
element 602. The middle damper element 602 has an upper end 602a that is attached to a lower end 601b of the upper
damper element 601. Theupper damper element 601hasanupper annular lip 601’ anda lower annular lip 601" that define
an annular groove 601‴ at an upper end 601a of the upper damper element 601. The annular groove 601‴may have the
same function as the groove described above, i.e. to receive and seat with an outer shell of a helmet, such as shell 401 of
helmet 400. It will be appreciated, however, that the outer shell 401 of the helmet 400, for example, may be modified to
define a fully circular hole having adiameter that is slightly smaller than the diameter of the annular groove 601‴ so that the
annular groove is seated in thehole in the shell 401of the helmet 400.Also, the upper lip 601’maybeadheredor otherwise
attached to theouter shell or a liner of the helmet in the samemanner described above for upper lips 1’, 2’, and3’ of damper
100.
[0062] Each damper element 601, 602, and 603 in Fig. 6 has a convoluted wall with three convolutions per damper
element. In the example shown in Fig. 6, the height of all convolutions along axis A-A are the same.Of course, the number
of convolutions and the dimensions may be different in other embodiments depending on the materials and/or wall
thicknesses of each damper element. The damper elements 601, 602, and 603 and head stabilizer 604, may all be made
from the samematerial, such as silicone rubber. The lower damper element 603 has a wall thickness t3 that is less than a
wall thickness t2 of the middle damper element 602. The upper damper element 601 has a wall thickness t1 that is larger
than the wall thicknesses t2 and t3. All factors being equal among damper elements 601, 602, and 603, damper elements
with a thicker wall are stiffer than damper elements with a thinner wall. Thus, in a case where the damper elements 601,
602, and 603aremadeof the samematerial (e.g., silicone rubber), and the number of convolutions and convolution height
are thesame (as in theexample inFig. 6), theupper damperelement 601has the largestwall thickness t1 and, therefore, is
the stiffest of the damper elements 601, 602, and 603. Also, the lower damper element 603 has the thinnest wall thickness
t3 and, therefore, is the least stiff (most compressible) of the damper elements 601, 602, and 603. Thus, all factors being
considered equal (except for wall thickness), the stiffness of the damper elements 601, 602, and 603 increases in a
directionalongaxisA-A from the lowerdamperelement603 to theupper damperelement601.Theprogression in stiffness
of thedamperelements 601, 602, and603permits thedamper to respondwith increasing stiffness for larger impact forces,
and to gradually decelerate the head of the wearer of a helmet incorporating the damper 600.
[0063] Thedamperelements601, 602, and603arearranged like springsconnected in series.An impact forceF, applied
in the direction of the arrow shown in Fig. 6, will be transmitted to all of the damper elements 601, 602, and 603, which will
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each compress an amount based on their stiffness. In one embodiment the damper elements 601, 602, and 603 are
modeledasHookean (linear-responsesprings) arranged in series,whereeachspringhasa respective spring constant, so
that the applied force is directly proportional to compression of the spring, as related below:

[0064] Thus,whenan impact forceF is applied to thedamper600 itwill be transmitted toeachdamperelement 601, 602,
and 603, causing the stiffer (larger spring constant, k1) damper element 601 to compress less than damper element 603,
which has a smaller spring constant, k3. Nevertheless, each damper element 601, 602, and 603, will compress a
respective amount basedon their corresponding spring constant and the total deflection of the head stabilizerwill be equal
to the sum of the compression of each damper element 601, 602, and 603.
[0065] As noted above, the damper 600 may directly replace damper 100 in helmet 400, for example. In such an
embodiment, the upper lip 601’ is connected to the outer shell 401 of the helmet 400 and head stabilizer 604 will be
positioned in place of head stabilizer 4 in Fig. 4C. In an impact between the helmet and an object, the impact force Fwill be
transmitted, and the user’s head will move relative to the outer shell 401 of the helmet 400, causing corresponding
movement of the head stabilizer 604, which is engaged with the wearer’s head, and compression of the damper 600.
Depending on themagnitude of the translational impact force F and the compressibility of the damper elements 601, 602,
and 603, and the liner 402, one or more of the damper elements 601, 602, and 603 may become fully compressed. The
compression of the damper elements 601, 602, and 603, partially or wholly, absorbs energy of the impact and slows the
transmission of the impact force to the user’s head, thereby facilitating a reduction of the severity of the impact to the
wearer’s head. The material employed and the values selected for compressibility or stiffness for each damping device
601, 602, and 603 is such that it allows the damper 600 to carry out its desired effect in absorbing repetitive impact forces
including translational and rotational impact forces.
[0066] Figs. 7A and 7B illustrate another embodiment of a damper 700 that may be incorporated in to a helmet, such as
helmet 400’ shown in Fig. 8A. The damper 700 includes a compressible cone 701, concentrically arranged along
longitudinal axis A-A inside a cylindrical compressible element 702. The compressible element 702 may be a spring
or a flexible convoluted tube. The damper 700 also includes a base 703, which is connected to the cone 701 and the
compressible element 702. The cone 701 has a tip 701a and a circular base 701b longitudinally spaced along the axis A-A
from the tip 701a. The compressible element 702 hasagenerally cylindricalwall 704,whichmaybe smooth or convoluted,
that extends from an attached circular base 706 to an attached circular cover 705 (which is omitted for clarity of illustration
in Fig. 7B). The circular base 701b of the cone 701 and the circular base 706 of the compressible element 702 are fused or
adhered to an upper surface 703a of the base 703. As shown in Fig. 8B, the base 703 can also be part of a portion of a liner
402of certain thickness andmadeof the samematerial as the cone701and the compressible element 702.Also, the base
703 may take the form of head stabilizer 4, described above. As shown in Fig. 8A, the tip 701a of the cone 701 is
longitudinally disposed along axis A-A between the cover 705 and the base 706 of the compressible element 702.
[0067] The damper 700may bemadewholly or partially of silicone rubber with the cone 701, the compressible element
702, and the base703all having the samedensity or different densities. Alternatively, thematerial forming thedamper 700
may include at least one of PORON (a registered trademark of RogersCorporation of Connecticut), Armourgel (produced
by Armourgel Limited of Taiwan), D3O (a registered trademark of Design Blue Limited Company of East Sussex, UK),
ETPU, and other suitable materials.
[0068] In one example of the damper 700, the base701bof the cone 701has adiameter of about 25.0mm; the cone701
has aheight of about 20.0mm; the circular base703has a thicknessof about 5.0mm; the circular base706hasadiameter
of about 36.0mm; thedamper element 702hasan inner diameter of about 25.0mmandanexternal diameter of about 30.0
mm (the wall 704 has a thickness of about 5.0 mm); the damper element 702 has a longitudinal uncompressed length of
about 25.0 mm; the height of each damping coil (if a coil spring is used as damping element 702) or convolution (if a
convoluted element is used as damper element 702) of the damping element 702 is about 5.0 mm. Such an example
damper 700 may absorb impacts up to 300 g’s.
[0069] Thecompressibility of the damper700maybebasedon thegeometry andmaterial propertiesof thedamper 700.
For example, the compressibility of the cone 701 may be based on the geometry and of the material properties (e.g.,
density) of the cone 701. In the case of cone 701 formed of one uniformmaterial, due to the tapered profile of the cone, the
compressibility of the cone701decreasesalong theaxisA-A from the tip 701aof the cone701 to thebase701bof the cone
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701. Thus, as the cone 701 is longitudinally compressed by a force, the force will be resisted by progressively stiffer (less
compressible) cone 701.
[0070] On the other hand, the compressibility of element 702 may not be a function of position along axis A-A. Instead,
the compressible member 702 may exhibit a uniform compressibility with increasing compression, in similar manner to a
linear,Hookeanspring that hasaspring constant. Thecompressibility of element702maybebasedon the thicknessof the
wall 704, thenumber of damping coils (if the compressible element 702 is a coil spring) or convolutions (if the compressible
element 702 is convoluted), and the material(s) forming the compressible element 702 (e.g., silicone). The material(s)
used and the values selected for compressibility or stiffness for each portion of the damper 700 are selected to allow the
damper 700 to absorb repetitive impact forces including translational and rotational impacts.
[0071] The damper 700may be integrated into various types of sports helmets (e.g., for football, hockey, surfing, water-
sports, cycling, skiing, skating, horse riding, rodeo riding, gymnasium) as well as helmets used by construction workers
and emergency personnel. Fig. 8A shows a system 710 that includes the damper 700 incorporated into the helmet 400,
described in detail above. As shown, the base 703may take the formof the above-described head stabilizer 4 andmay be
separate from the liner 402. The circular cover 705 of the compressible element 702may be adhered or fused to an inner
side of the outer shell 401 of the helmet 400. Also, the circular cover 705 may be omitted and an upper edge 702a of the
compressibleelement702maybe fuseddirectly to the inner sideof theouter shell 401of thehelmet400.When thedamper
700 is used in the helmet 400, a lower or inner side 703b of the base 703 is configured to engage a head of a wearer of the
helmet so thatwhenplacedon thehead103 in themanner shown inFig. 4C, thebase703will be flushwith the comfort liner
402a, while remaining spaced from the shoulder 410. Also, when base 703 is flush with comfort liner 402a, the tip 701a of
the conewill be in compressionwith the cover 705 (or if the cover 705 is omitted, the tip 701a of the cone 701 engages and
compresses against the inside surface of the outer shell 401 of the helmet 400.
[0072] During an impact between the helmet 400 and an object, rotational and translational impact forces are directed
towards theheadcausing thedamper 700and liner 402 to compress. In theexample shown inFig. 8A, a translational force
"F" is shown. At the same time the head is travelling in the opposite direction (Newton’s third law of motion - equal and
opposite forces) causing the head to compress the base 703 of the damper 700, which, in turn, compresses the
compressible element 702, causing the cone 701 to move longitudinally along axis A-A towards the cover 705 due to
the connection of the cone 701 to the base 703 and compress further. If the impact force F is sufficiently large, the
compressible element702andcone701continue to compressalongwith the liner 402 (due toeventual engagementof the
base 703 with the shoulder 410)When both the element 702 and the cone 701 both undergo compression, they will both
distribute the impact force in parallel. However, due to the nonuniform compressibility of the cone 701, noted above, when
the impact force causes both the spring 702 and the cone 701 to undergo compression, as the cone 701 compresses it will
becomeprogressively stiffer and, thus, absorbmoreof the impact force.Asa result, the head that is engagedwith thebase
703 may be gradually decelerated to reduce the magnitude of forces transmitted to the head.
[0073] Fig. 8B shows a system 810 that includes a helmet 400’, similar to helmet 400 of Fig. 8A, and having a liner 402’
(e.g.,madeofEPS) that definesopenings 406’ that haveauniformcylindricalwall. Also, the system810 includes dampers
700 attached to an inner side of an outer shell 401’ of the helmet 400’. The system 810 further includes an additional liner
802 (e.g., made of the same material as outer damper element 702 and cone 701, such as D3O) that is spaced from the
liner 402’ but is connected between the bases 703b of dampers 700. Also, the system 810 includes a comfort liner 802a
(e.g.,madeof ethylene-vinyl acetate (EVA)) that conformsandattaches to an inner sideof the liner 802. The liner 402’may
bemade of either EPSormay be the samematerial as liner 802 or someother suitablematerial. By joining the bases 703b
of the dampers 700 together, the dampers are further flexurally stiffened to withstand rotational impact forces.
[0074] Fig. 8C shows an alternate system 810’ to system 810 in which the dampers 700 are oriented reverse to those
shown in Fig. 8B. Specifically, the dampers 700 have an inverted orientation in helmet 400’ such that for each damper 700
the base 703b is connected to the outer shell 401 of the helmet 400 and the cover 705 is connected to the liner 802.
[0075] The systems 810 and 810’ shown respectively in Fig. 8B and Fig. 8C can represent a head-band protector with
the outer shell 401’ beingmade of vinyl material. In one example, the system810 shown in Fig. 8Bmay be configured as a
head band in which the liner 802, bases 703b, and cones 701 are made of one-piece material (D3O). Also, the outer
damper elements 702 are formed separately (and may also made of D3O) are joined (e.g., adhered/glued) to the outer
shell 401’ (e.g., made of vinyl) and the circular bases of 702 are joined (e.g., adhered/glued) to the liner 802 to receive
and/or enclose the cones 701. In such an example, the liner 402 may also bemade of the samematerial as the liner 802,
bases 703b, cones 701, and outer damper elements 702 (e.g., D3O) or a different suitable material.
[0076] Also, in another example, the system 810’ shown in Fig. 8Cmay be configured as a head band in which the liner
802 and outer damper elements 702 aremade of one piecematerial (e.g., D3O) and the circular opening top piece of 702
are joined (e.g., adhered/glued) to 703b to receive or enclose the cones 701. In this example, the cones 701 (including
bases 703b) may be formed separately and joined (e.g., adhered/glued) to the outer shell 401’ (e.g., made of vinyl).
[0077] Further, in the systems 810 and 810’, if the liner 402’ ismade of EPS, then the outer shell 401’ may bemade from
PVC (plastic) or fiberglass/carbon. Specifically, in one example, the outer shell 401’ is made of fiberglass/carbon or PVC,
the liner 402’ ismadeofEPS, and the liner 802and thedamper elements (701and702) aremadeofD3O, silicon rubber, or
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some other suitable material.
[0078] The various damper elements described herein may be considered "linear" or "non-linear" based on their force-
deflection characteristics and how close their force-deflection response is relative to Hooke’s Law (F=kX). That is, as
herein defined, a linear damper element is considered to be one that has a substantially constant spring rate (k) as defined
by Hooke’s Law. Also, as herein defined, a non-linear damper element is considered to be one that does not have a
substantially constant spring rate (k), andwhichmayhaveaspring rate that is itself a function of the amount of deflectionor
compression of the damper element. Nevertheless, it will appreciate that any of the damper elements described herein,
whether linear or non-linear,may be interchangedand/or used in conjunction in various combinations to achieve adesired
damping effect. Also, while non-linear damping elements have been described as being conical, it will be appreciated that
other forms of non-linear damping elements may be used that do not have a conical form. Also, while linear damper
elements have been described as being cylindrical, it will be appreciated that cylindrical damper elements may also be
non-linear. Thus, while various embodiments of damping systems have been individually described herein, it will be
appreciated that additional damper elements may be added or removed from those systems and that non-linear damping
elements may be substituted for linear damping elements and vice versa to achieve desired damping effects. Further,
while some dampers have been described as being used in a helmet, such dampers may also be used in a headband or
headguard, andwhile somedampershavebeendescribedasbeingused inaheadbandorheadguard, suchdampersmay
also be used in a helmet. Moreover, the various embodiments of dampers and systems described herein are not mutually
exclusive toeachotherand featuresof someembodimentsmaybecombinablewith featuresofotherembodiments to form
various damper and system configurations, some of which are described in greater detail below, for example.
[0079] Fig. 9 shows an embodiment of a damper 900 that is similar in arrangement to damper 700, and adds an
additional inner cylindrical damper element 914. The damper 900 shown in Fig. 9 includes three resilient, elastic, and
compressible damper elements 901, 904, and 914 that are coupled to a head stabilizer 903, and are concentric about axis
A-A in Fig. 9. Damper elements 904 and 914 are cylindrical and damper element 901 is conical. The damper 900 extends
longitudinally along axis A-A from an outer end 924 to an inner end 926. The head stabilizer 903 is attached to the damper
900 at its inner end 926. The two cylindrical damper elements 904 and 914 surround the conical damper element 901,
which is the innermost damper element in the damper 900 shown in Fig. 9. The damper 900 is configured to be attached to
a head covering, such as a headguard or a helmet.
[0080] InFig. 9 thedamper900 is shown inaneutral, uncompressedstate. Thedamper900 is configured for longitudinal
compression and expansion along axis A-A in response to translational impact force application to and removal from the
damper900.Also, thedamper900 is configured tobendordeflect laterally (likeacantilever beam) inadirection transverse
to the longitudinal axis A-A about its point of attachment at the outer end 924 in response to a bending moment applied to
thedamper900.For example, thedamper900shown inFig. 9maydeflect inanarc (shownbyarrowB)about theouter end
924of thedamper900.Thedamper900 isflexibleand resilientand is configured to return to theneutral statewhenexternal
impact forces are no longer applied to the damper 900. In the example embodiment shown in Fig. 9, the lengths of the
cylindrical damperelements904and914areequal, and thus formanannular column thatprovides increased resistance to
lateral deflection and bending moment, as well as longitudinal deflection (i.e., linear compression), in comparison to the
damper 700.
[0081] The cylindrical damper elements 904 and914may each be a spring or a flexible convoluted tube. The respective
cylindrical walls of the cylindrical damper elements 904 and 914 are longitudinally compressible and may be smooth or
convoluted on their radially inner and/or outer sides.
[0082] The conical damper element 901 has a tip 901a and a base 901b (which may be circular) longitudinally spaced
along the axis A-A from the tip 901a. The base 901b of conical damper element 901may be fused or otherwise attached to
the head stabilizer 903. As shown in Fig. 9, the tip 901a of the cone 901 is longitudinally disposed along axis A-A between
the outer end 924 of the damper 900 and the head stabilizer 903.
[0083] Theheadstabilizer 903maybe free tomoveandmaybe separated fromother dampers and structures ormaybe
part of a portion of a liner that connects the head stabilizer to one ormore other head stabilizers. Anexample of sucha liner
is liner 802 of Figs. 8B and 8C.
[0084] The inner cylindrical damper element 914 surrounds the conical damper element 901 andextends from the head
stabilizer 903 to a base 914a at the outer end of the damper 924. The outer cylindrical damper element 904 surrounds the
inner cylindrical damper element 914 and the conical damper element 901. The outer cylindrical damper element 904 is
radially spaced from the inner cylindrical damper element 914. The outer cylindrical damper element 904 extends from the
head stabilizer 903 to a base 904a at the outer end 924 of the damper 900.
[0085] The bases 904a and 914a of all the cylindrical damper elements 904 and 914may be joined together at the outer
end 924 of the damper 900, and the outer surfaces of those bases may be used as mounting surfaces for mounting the
damper 900 to a surface of a head covering, such as a helmet or headband, examples of which are described above and
additional examples are described in further detail below.
[0086] The damper 900may bemadewholly or partially of silicone rubber with the conical damper element 901 and the
cylindrical damper elements 904 and 914 and the head stabilizer 903 all having the same density or different densities.
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Alternatively, thematerial forming the damper 900may include at least one of PORON (a registered trademark of Rogers
Corporation of Connecticut), Armourgel (produced by Armourgel Limited of Taiwan), D3O (a registered trademark of
Design Blue Limited Company of East Sussex, UK), ETPU, and other suitablematerials. The damper 900may be formed
of a unitary piece (e.g., integrally molded silicone rubber) or may be made from multiple pieces that are joined together
during themanufacture of the damper 900. For example, damper elements 904, 903, and 901may bemolded as a single
member and joined, duringmanufacture of the damper 900, to damper element 914 and joined together (e.g., adhesively)
at locations C at the outer 924 and inner ends 926 of the damper 900.
[0087] Inoneexampleof thedamper900, the thicknessof thecylindricalwall of theouter cylindrical damperelement904
is greater than the thickness of the cylindrical wall of the inner cylindrical damper element 914. Also, while the longitudinal
distance (length) between the tip 901a of the conical damper element 901 and its base 901b is shown being less than the
length of the damper 900, the length of the conical damper element 901 may be larger or smaller. For example, in one
embodiment, the tip901aof theconical damperelement901mayengageor otherwisecontact thebases904aand914aof
the cylindrical damper elements 904 and 914 in the neutral configuration so that the conical damper element 901 may be
initially compressed upon initial compression of the damper 900, alongwith the cylindrical damper elements 904 and 914.
Of course, shortening the length of the conical damper element 901 (relative to the length shown in Fig. 9) can delay the
timing of its engagement such that the cylindrical damper elements 904 and 914may compress longitudinally outwardly a
greater extent (as compared to the embodiment shown in Fig. 9) during an impact before the conical damper element
begins to compress. In one example of the damper 900, the base 901b of the cone 901 has a diameter of about 16.0mm;
the cone901has aheight of about 35.0mm; the head stabilizer 903 has a thickness of about 4.0mmandhas adiameter of
about 38.0mm; the outer cylindrical damper element 904 has an outer diameter of about 32.0mmand a wall thickness of
about 2.0 mm; the outer cylindrical damper element 904 has a longitudinal uncompressed length of about 40.0 mm; the
inner cylindrical damper element 914 has an outer diameter of about 22.0 mm and a wall thickness of about 3.0 mm; the
inner cylindrical damper element 914 has a longitudinal uncompressed length of about 40.0 mm. The foregoing
dimensions are shown in Fig. 9. Such an example damper 900 may absorb impacts up to 300 g’s.
[0088] Thecompressibility of the damper900maybebasedon thegeometry andmaterial propertiesof thedamper 900.
For example, the compressibility of the conical damper element 901 may be based on the geometry and of the material
properties (e.g., density) of the conical damper element 901. In the case of conical damper element 901 being formed of
one uniformmaterial, due to the tapered profile of the cone, the compressibility of the cone 901 may decreases along the
axis A-A from the tip 901a of the cone 901 to the base 901b of the cone 901. Thus, as the cone 901 is longitudinally
compressed by a force, the forcewill be resisted by progressively stiffer (less compressible) conical damper element 901.
[0089] On the other hand, the compressibility of one or more of cylindrical damper elements 904 and 914 may not be a
function of the position along axis A-A. Instead, the compressible damper elements 904 and 914 may exhibit a uniform
compressibility with increasing compression, in similarmanner to a linear, Hookean spring that has a spring constant. The
compressibility of cylindrical damper elements 904 and 914 may be based on the thickness of their respective cylindrical
walls, the number of damping coils (if the respective cylindrical damper element is a coil spring) or convolutions (if the
respectivecylindrical damperelement isacompressibleelement is convoluted), and thematerial(s) forming the respective
cylindrical damper element (e.g., silicone). Thematerial(s) used and the values selected for compressibility or stiffness for
each portion of the damper 900 are selected to allow the damper 900 to absorb repetitive impact forces including
translational and rotational impacts.
[0090] Due to the lengths of the cylindrical damper elements 904 and 914 and the configuration of the conical damper
element 901, the damper 900 is configured so that the various damper elements may be compressed in stages based on
the amount of force transmitted to the damper. Initially following an impact, the translational and rotational impact forces
will cause the one or more of the damper elements 901, 904, and 914 to compress based on their respective stiffnesses
and will flex or bend laterally based on the thickness, number of convolutions, and radial spacing between cylindrical
damper elements 904 and 914.
[0091] Fig. 9 shows a force F applied to the head stabilizer 903, which represents the translational force that may be
exerted by a user’s head to the head stabilizer 903 during an impact. If the force F is large enough, the inner and outer
cylindrical damper elements 914 and 904will compress together first, while the conical inner damper element 901 and the
head stabilizer 903 move longitudinally outward along axis A-A. If the force F is still large enough, the head stabilizer 903
may move further outward so that the tip 901a of the conical damper element 901 may engage or otherwise contact the
bases 904a and 914a of the cylindrical damper elements 904 and 914. Thereafter, if the force F continues to cause the
head stabilizer 903 to move outwardly along axis A-A, all of the cylindrical damper elements 904 and 914, as well as the
conical damper element 901 will be further compressed until they are able to balance the force F without becoming fully
compressed or until they are all fully compressed. Thereafter, the damper elements 904, 914, and 901 are configured to
elastically deformback to their neutral state shown inFig. 9, unless thedeformation causedby the impact haspermanently
damaged the damper elements, in which case they will not return to their neutral state shown in Fig. 9.
[0092] The radial spacing between the cylindrical damper elements 904 and 914 and the equal lengths of those
cylindrical damper elements stiffens the damper 900 to resist lateral bending about the axis A-A in response to rotational
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forces transmitted to the damper 900 during an impact event to a greater extent than damper 700. Moreover, when the
outer and inner cylindrical damper elements 904and914are compressed and the conical damper 901 is compressed, the
areamoment of inertia of the damper 900 is effectively increased as compared to the stiffness of the damper 900 shown in
its neutral state in Fig. 9.
[0093] While two cylindrical damper elements are shown in the embodiment of the damper 900 in Fig. 9, it will be
appreciated thatmore than two cylindrical dampersmay be used. It will be appreciated that damper 900may substitute for
damper100 insystem101and inhelmet400.Anymodification to thedamper900or tosystem101wouldbewithin the level
of one of ordinary skill in the art. Also, it will be appreciated that damper 900may substitute for damper 150 in helmet 500,
and for damper 700 in systems 710 and 810. Anymodification to the damper 900 or to helmet 500 or systems 710 and 810
would be within the level of one of ordinary skill in the art.
[0094] Fig. 10A shows an embodiment of a damper 1000 that is similar to damper 700, and also includes additional
damper elements, as described in greater detail below. For example, the damper 1000 includes four elastic and
compressible damper elements 1001, 1004, 1014, and 1024 that are coupled to a head stabilizer 1003 and that are
concentric about axis A-A in Fig. 10A. The damper elements 1004, 1014, and 1024 are cylindrical and damper element
1001 is conical. The damper 1000 extends longitudinally along axis A-A froman outer end 1034 to an inner end 1036. The
head stabilizer 1003 is attached to the damper 1000 at its inner end 1036. The three cylindrical damper elements 1004,
1014, and 1024 surround the conical damper element 1001, which is the innermost damper element in the damper 1000
shown in Fig. 10A. The damper is configured to be attached to a head covering, such as a headband or a helmet shell.
[0095] In Fig. 10A the damper 1000 is shown in a neutral, uncompressed state. The damper 1000 is configured for
longitudinal compression and expansion along axis A-A in response to translational impact force application to and
removal from the damper 1000. Thedamper 1000 is also configured to deflect or bend laterally with respect to the axisA-A
alonganarcBshown inFig. 10A in response to rotational forcesapplied to thedamper1000duringan impact. Thedamper
1000 is flexible and resilient and is configured to return to the neutral state when external impact forces are no longer
applied to the damper 1000.
[0096] The cylindrical damper elements 1004, 1014, and 1024may each be a spring or a flexible convoluted tube. The
respective walls of the cylindrical damper elements are longitudinally compressible andmay be smooth or convoluted on
their radially inner and/or outer sides.
[0097] The conical damper element has a tip 1001a and a base 1001b (which may be circular) longitudinally spaced
along the axis A-A from the tip 1001a. The base 1001bmay be fused or otherwise attached to the head stabilizer 1003. As
shown in Fig. 10A, the tip 1001a of the cone 1001 is longitudinally disposed along axis A-A between the outer end 1034 of
the damper 1000 and the head stabilizer 1003.
[0098] The head stabilizer 1003may be free to move andmay be separated from other dampers and structures or may
be part of a portion of a liner that connects the head stabilizer to one or more other head stabilizers. An example of such a
liner is liner 802 of Figs. 8B and 8C.
[0099] In the example embodiment shown in Fig. 10A, the lengths (along axis A-A) of the cylindrical damper elements
1004, 1014, and 1024 as measured in their neutral state, are different from one another so that the inner ends 1004b,
1014b, and 1024b of each respective damper element 1004, 1014, and 1024 are longitudinally spaced from each other.
Specifically, in the example shown, the length of the damper elements 1004, 1014, and 1024 increases with decreasing
radial distance away from the axis A-A, such that the inner cylindrical damper element 1004 has a first length, the middle
damper element 1014 has a second length smaller than the first length, and the outer damper element 1024 has a third
length that is smaller than both the first and second lengths. The vertical spacing of the bottom ends 1004b, 1014b, and
1024b, provides for various combinations of damper elements to be compressed based on themagnitude of impact force
applied to the damper 1000, further details of which will be described in detail below.
[0100] The inner cylindrical damper element 1004 surrounds the conical damper element 1001 and extends from its
lower end 1001b at the head stabilizer 1003 to a base 1001a at the outer end 1034 of the damper. The middle cylindrical
damper element 1014 surrounds the inner cylindrical damper element 1004 and the conical damper element 1001. The
middle cylindrical damper element 1014 is radially spaced from the inner cylindrical damper element 1004. The middle
cylindrical damper element 1014 extends from a base 1014a at the outer end 1034 of the damper to the inner end 1014b,
which is longitudinally spaced from the head stabilizer 1003. The outer cylindrical damper element 1024 surrounds the
middle cylindrical damper element 1014, the inner cylindrical damper element 1004, and the conical damper element
1001. The outer cylindrical damper element 1024 is radially spaced from themiddle cylindrical damper element 1014. The
outer cylindrical damper element 1024 extends from a base 1024a at the outer end 1034 of the damper 1000 to the inner
end 1024b, which is also longitudinally spaced from the head stabilizer 1003. Thus, the inner ends 1004b, 1014b, and
1024b of the cylindrical damper elements 1004, 1014, and 1024 are staggered from one another.
[0101] The bases 1004a, 1014a, and 1024a of the cylindrical damper elements 1004, 1014, and 1024 may be joined
together at the outer end 1034 of the damper 1000, and the outer surfaces of those bases may be used as mounting
surfaces for mounting the damper to a surface of a head covering, such as a helmet and a headguard, some examples of
which are described above and additional examples are described in further detail below.
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[0102] The damper 1000 may be made wholly or partially of silicone rubber with the conical damper element and the
cylindrical damper elements and the head stabilizer all having the same density or different densities. Alternatively, the
material forming the damper 1000 may include at least one of PORON (a registered trademark of Rogers Corporation of
Connecticut), Armourgel (produced byArmourgel Limited of Taiwan),D3O (a registered trademark ofDesignBlueLimited
Company of East Sussex, UK), ETPU, and other suitable materials. The damper 1000 may be formed of a unitary piece
(e.g., integrally molded silicone rubber) or may be made from multiple pieces that are joined together during the
manufacture of the damper 1000.
[0103] In one example of the damper 1000, the thickness of the cylindrical wall of the outer cylindrical damper element
1024 isgreater than the thicknessof thecylindricalwall of themiddle cylindrical damperelement1014,and the thicknessof
the cylindrical wall of themiddle cylindrical damper element 1014 is greater than the thickness of the cylindrical wall of the
inner cylindrical damper element 1004. Also, while the longitudinal distance (length) between the tip 1001a of the conical
damper element 1001 and its base 1001b is shownbeing less than the length of the damper 1000, the length of the conical
damper element 1001 may be larger or smaller. For example, in one embodiment, the tip 1001a of the conical damper
element 1001 may engage or otherwise contact the bases 1004a, 1014a, and 1024a of the cylindrical damper elements
1004, 1014, and 1024 in the neutral configuration so that the conical damper element 1001 may be initially compressed
upon initial compression of the damper 1000, along with the cylindrical damper element 1024. Of course, shortening the
length of the conical damper element 1001 (relative to the length shown inFig. 10A) candelay the timing of its engagement
such that the cylindrical damper elements 1024, 1014, and 1004may compress longitudinally outwardly a greater extent
(as compared to the embodiment shown in Fig. 10) during an impact before the conical damper element begins to
compress.
[0104] In one example of the damper 1000, the base 1001b of the cone 1001 has a diameter of about 25.0mm; the cone
1001 has a height of about 20.0mm; the head stabilizer 1003 has a thickness of about 5.0mmandhas a diameter of about
54.0mm; the outer cylindrical damper element 1024 has an outer diameter of about 54.0mmand awall thickness of about
2.5mm; the outer cylindrical damper element 1024 has a longitudinal uncompressed length of about 15.0mm; themiddle
cylindrical damper element 1014has an outer diameter of about 45.0mmandawall thickness of about 3.0mm; themiddle
cylindrical damper element 1014 has a longitudinal uncompressed length of about 20.0 mm; the inner cylindrical damper
element 1004 has an outer diameter of about 35.0 mm and a wall thickness of about 5.0 mm; the inner cylindrical damper
element 1004 has a longitudinal uncompressed length of about 25.0 mm. Thus, in the example, the thicknesses of the
cylindrical dampers decreases with increasing radial distance from the axis A-A. However, in alternate embodiments, the
thicknesses of the cylindrical dampers may increase with increasing radial distance from the axis A-A. Such an example
damper 1000 may absorb impacts up to 300 g’s.
[0105] The compressibility of the damper 1000 may be based on the geometry and material properties of the damper
1000. For example, the compressibility of the conical damper element 1001 may be based on the geometry and of the
material properties (e.g., density) of the conical damper element 1001. In the case of conical damper element 1001 being
formed of one uniformmaterial, due to the tapered profile of the cone, the compressibility of the cone 1001may decreases
along the axis A-A from the tip 1001a of the cone 1001 to the base 1001b of the cone 1001. Thus, as the cone 1001 is
longitudinally compressed by a force, the forcewill be resisted by progressively stiffer (less compressible) conical damper
element 1001.
[0106] On the other hand, the compressibility of one or more of cylindrical damper elements may not be a function of
position along axis A-A. Instead, the compressible damper elements 1004, 1014, and 1024 may exhibit a uniform
compressibility with increasing compression, in similarmanner to a linear, Hookean spring that has a spring constant. The
compressibility of cylindrical damper elements 1004, 1014, 1024 may be based on the thickness of their respective
cylindrical walls, the number of damping coils (if the respective cylindrical damper element is a coil spring) or convolutions
(if the respective cylindrical damper element is a compressible element is convoluted), and the material(s) forming the
respective cylindrical damper element (e.g., silicone). Thematerial(s) used and the values selected for compressibility or
stiffness for each portion of the damper 1000 are selected to allow the damper 1000 to absorb repetitive impact forces
including translational and rotational impacts.
[0107] Due to the staggered inner ends 1004b, 1014b, 1024b of the cylindrical damper elements 1004, 1014, 1024 and
the configuration of the conical damper element 1001, the damper 1000 is configured so that the various damper elements
may be compressed in stages based on the amount of force transmitted to the damper 1000. Initially following an impact,
the translational and rotational impact forceswill cause theoneormoreof thedamperelements tocompressbasedon their
respective stiffnesses and will flex laterally based on the thickness, number of convolutions, and radial spacing between
cylindrical damper elements 1004, 1014, 1024. Fig. 10A shows a translational force F applied to the head stabilizer, which
represents the translational force that may be exerted by a user’s head to the head stabilizer 1003 during an impact. If the
force F is large enough, the inner cylindrical damper element 1004 will compress first while the conical inner damper
element 1001 and the head stabilizer 1003move longitudinally outward along axis A-A. If the force F is still large enough,
theheadstabilizer 1003maymove further outward longitudinally toengageorotherwisecontact the innerend1014bof the
middle cylindrical damper element 1014, which will compress along with the inner cylindrical damper element 1004. If the
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forceF is still large enough tomove theheadstabilizer 1003 further longitudinally outward, then the tip 1001aof the conical
damper element 1001 may engage or otherwise contact the bases 1004a, 1014a, 1024a of the cylindrical damper
elements 1004, 1014, 1024while the head stabilizer 1003 engages or otherwise contacts the inner end 1024b of the outer
cylindrical damper element 1024. Thereafter, if the force F continues to cause the head stabilizer 1003 to move
longitudinally outward along axis A-A, all of the cylindrical damper elements 1004, 1014, 1024 and the conical damper
element 1001 will be further compressed until they are able to balance the force F without becoming fully compressed or
until they are all fully compressed. Thereafter, the damper elements 1001, 1004, 1014, and 1024 are configured to
elastically deform back to their neutral state shown in Fig. 10A, unless the deformation caused by the impact has
permanently damaged the damper elements, in which case they will not return to their neutral state shown in Fig. 10A.
[0108] The radial spacing between the cylindrical damper elements 1004, 1014, 1024, as well as the staggered lengths
of thoseelementsprovides thedamper1000withvarious levelsof lateral stiffness tobendabout theaxisA-A in response to
rotational forces transmitted to the damper during an impact event. Specifically, the longitudinal spacing of the inner ends
1004b, 1014b, and 1024b fromone another permits various combinations of the cylindrical damper elements 1004, 1014,
1024 todeflect basedonwhetherornot the respective cylindrical damperelementsareengagedor in contactwith thehead
stabilizer 1003. Thus, in the neutral position, the inner cylindrical damper element 1004 is radially spaced from themiddle
cylindrical damper element 1014, permitting the inner damper element 1004 some range of lateral deflection without
causing the contact between the inner and outer cylindrical damper elements 1004 and 1014. Also, if the force F that is
applied does not cause the head stabilizer 1003 to engage or otherwise contact the middle cylindrical damper element
1014, then the lateral stiffness of the damper 1000 will be based primarily on the moment of inertia of the inner cylindrical
damper element 1004, unless the bending moment imparted to the damper 1000 causes the inner cylindrical damper
element 1004 to laterally deflect and engage or otherwise contact the middle or outer damper elements 1014 and 1024,
whichwill then increase themoment of inertia to resist bending. Further, when themiddle cylindrical damper element 1014
and inner cylindrical damper element 1004 are engaged or otherwise in contact with the head stabilizer 1003, the area
moment of inertia of the damper 1000 is effectively increased as compared to the stiffness of the damper shown in its
neutral state in Fig. 10A. Also, when the inner, middle, and outer cylindrical damper elements 1004, 1014, 1024 are
engaged or otherwise in contact with the head stabilizer 1003, along with the conical damper element 1001, the area
moment of inertia of the damper 1000 is effectively further increased. Thus, in other words, themultiple damper elements
1001, 1004, 1014, and 1024 of the damper 1000 can, in combination, increase the flexural rigidity of the damper 1000 as
the damper compresses further in the outward direction. Thus, themultiple damper elements 1001, 1004, 1014, and 1024
can, when successively compressed, increase the flexural rigidity of the damper 1000 so that it will laterally deflect less
under the same bending moment.
[0109] While three cylindrical dampers are shown in Fig. 10A, it will be appreciated that more or fewer than three
cylindrical dampersmaybeused. For example, Fig. 10B showsadamper 1000’, which is amodified version of the damper
1000 of Fig. 10A that omits the outer cylindrical damper element 1024 and, thus, reduces the overall lateral dimension of
the damper compared to the damper of Fig. 10A. All other corresponding elements are appended with a " ’ " in Fig.10B.
[0110] It will be appreciated that other modifications of the damper 1000 may be made and are within the scope of the
invention. For example, the length of themiddle cylindrical damper element 1014maybe longer than the lengths of both of
theouter cylindrical damperelement1024and the innercylindrical damperelement1004and theheadstabilizer1003may
be attached to an inner end of the middle cylindrical damper element 1014.
[0111] It will be appreciated that dampers 1000or 1000’may substitute for damper 100 in system101and in helmet 400.
Any modification to the dampers 1000 or 1000’ or to system 101 to incorporate the dampers therein would be within the
level of one of ordinary skill in the art. Also, it will be appreciated that dampers 1000or 1000’may substitute for damper 150
in helmet 500, and for damper700 in systems710and810.Anymodification to thedampers1000or 1000’ or to helmet 500
or systems 710 and 810 to incorporate the dampers therein would be within the level of one of ordinary skill in the art.
[0112] Fig. 11Ashowsanembodiment of adamper that combinessomeelementsofdampers100and700,asdescribed
in greater detail below. For example, the damper 1100 includes four elastic and compressible damper elements 1101,
1104, 1114, and 1124 that are coupled to a head stabilizer 1103, and that are concentric about axis A-A in Fig. 11A. The
damper elements 1104, 1114, and 1124 are cylindrical and damper element 1101 is conical. The damper 1100 extends
longitudinally along axis A-A from an outer end 1124 to an inner end 1136. The head stabilizer 1103 is attached to the
damper 1100 at its inner end 1136. The three cylindrical damper elements 1104, 1114, and 1124 surround the conical
damper element 1101, which is the innermost damper element in the damper 1100 shown in Fig. 11A. The damper 1100 is
configured to be attached to a head covering, such as a headguard or a helmet.
[0113] In Fig. 11A the damper 1100 is shown in a neutral, uncompressed state. The damper 1100 is configured for
longitudinal compression and expansion along axis A-A in response to translational impact force application to and
removal from the damper 1100. The damper 1100 is also configured to deflect or bend laterally with respect to the axis A-A
alonganarcBshown inFig. 11A in response to rotational forces applied to thedamper 1100during an impact. Thedamper
1100 is flexible and resilient and is configured to return to the neutral state when external impact forces are no longer
applied to the damper 1100.
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[0114] The cylindrical damper elements 1104, 1114, and 1124 may each be a spring or a flexible convoluted tube. The
respective walls of the cylindrical damper elements 1104, 1114, and 1124 are longitudinally compressible and may be
smooth or convoluted on their radially inner and/or outer sides.
[0115] Theconical damperelement1101hasa tip1101aandabase1101b (whichmaybecircular) longitudinally spaced
along the axis A-A from the tip 1101a. The base 1101bmay be fused or otherwise attached to the head stabilizer 1103. As
shown in Fig. 11A, the tip 1101a of the cone 1101 is longitudinally disposed along axis A-A between the outer end 1134 of
the damper 1100 and the head stabilizer 1103.
[0116] The head stabilizer 1103may be free to move andmay be separated from other dampers and structures or may
be part of a portion of a liner that connects the head stabilizer to one or more other head stabilizers. An example of such a
liner is liner 802 of Figs. 8B and 8C.
[0117] In the example embodiment shown in Fig. 11A, the lengths of the cylindrical damper elements 1104, 1114, and
1124, asmeasured in their neutral state, are different fromoneanother so that inner ends1104b, 1114b, and1124bof each
respective damping element 1104, 1114, and 1124 are longitudinally spaced from each other. Specifically, in the example
shown, the length of the cylindrical damper elements 1104, 1114, and 1124 along axis A-A increaseswith increasing radial
distance away from the axis A-A such that the inner cylindrical damper element 1104 has a first length, the middle
cylindrical damper element 1114 has a second length longer than the first length, and the outer cylindrical damper element
1124has a third length that is longer than both the first and second lengths. The longitudinal and radial spacing of the inner
ends 1104b, 1114b, and 1124b provides for various combinations of damper elements to become compressed based on
themagnitudeof impact forceandbendingmomentapplied to thedamper, further detailsofwhichwill bedescribed indetail
below.
[0118] The inner cylindrical damper element 1104 surrounds the conical damper element 1101andextends fromabase
1104aat theouter end1134of thedamper1100 to the innerend1104b that is longitudinally disposedbetween the tip1101a
of the conical damper element 1101 and the inner end 1136 of the damper 1100. The middle cylindrical damper element
1114 surrounds the inner cylindrical damper element 1104 and the conical damper element 1101. The middle cylindrical
damper element 1114 is radially spaced from the inner cylindrical damper element 1104. The middle cylindrical damper
element 1114 extends from a base 1114a at the outer end 1134 of the damper 1100 to the inner end 1114b that is
longitudinally spaced between the inner end of the inner cylindrical damper 1104b and the head stabilizer 1103. Thus, the
middle cylindrical damper element 1114 has a length that is greater than the length of the inner cylindrical damper element
1104. The outer cylindrical damper element 1124 surrounds the middle cylindrical damper element 1114, the inner
cylindrical damper element 1104, and the conical damper element 1101. The outer cylindrical damper element 1124 is
radially spaced from themiddle cylindrical damper element 1114. Theouter cylindrical damper element 1124extends from
a base 1124a at the outer end 1134 of the damper 1100 to the inner end 1124b at the head stabilizer 1103, and towhich the
outer cylindrical damperelement is connected.Thus, theouter cylindrical damperelement1124hasa length that is greater
than the lengths of the middle and inner cylindrical damper elements 1114 and 1104.
[0119] Thebases 1104a, 1114a, and 1124a of all of the cylindrical damper elements 1104, 1114, and 1124maybe joined
together at the outer end 1134 of the damper 1100, and the outer end 1134 of the damper 1100may be amounting surface
for mounting the damper 1100 to a surface of a head covering, such as a helmet or headband, examples of which are
described above and additional examples are described in further detail below.
[0120] The damper 1100 may be made wholly or partially of silicone rubber with the conical damper element 1101 and
the cylindrical damper elements 1104, 1114, 1124, and the head stabilizer 1103 all having the same density or different
densities. Alternatively, thematerial forming the damper 1100may include at least one of PORON (a registered trademark
of Rogers Corporation of Connecticut), Armourgel (produced by Armourgel Limited of Taiwan), D3O (a registered
trademark of Design Blue Limited Company of East Sussex, UK), ETPU, and other suitable materials. The damper
1100maybe formedofaunitarypiece (e.g., integrallymoldedsilicone rubber)ormaybemade frommultiplepieces that are
joined together during the manufacture of the damper 1100.
[0121] In one example of the damper 1100, the thickness of the cylindrical wall of the outer cylindrical damper element
1124 is greater than the thicknessof the cylindricalwall of themiddle cylindrical damper element 1114, and the thicknessof
the cylindrical wall of themiddle cylindrical damper element 1114 is greater than the thickness of the cylindrical wall of the
inner cylindrical damper element 1104. Also, while the longitudinal distance (length) between the tip 1101a of the conical
damper element 1101 and its base 1101b is shown being less than the length of the damper 1100, the length of the conical
damper element 1101 may be larger or smaller. For example, in one embodiment, the tip 1101a of the conical damper
element 1101 may engage or otherwise contact the bases 1104a, 1114a, and 1124a of the cylindrical damper elements
1104, 1114, and 1124 in the neutral configuration so that the conical damper element 1101 may be initially compressed
upon initial compression of the damper 1100, alongwith the outer cylindrical damper element 1124. Of course, shortening
the length of the conical damper element 1101 (relative to the length shown in Fig. 11A) can delay the timing of its
compression such that the cylindrical damper elements 1124, 1114, and 1104 may compress longitudinally outwardly a
greater extent (as compared to the embodiment shown in Fig. 11A) during an impact before the conical damper element
1101 begins to compress.
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[0122] In one example of the damper 1100, the base 1101b of the cone 1101 has a diameter of about 25.0mm; the cone
1101 has a height of about 20.0mm; the head stabilizer 1103 has a thickness of about 5.0mmand has a diameter of about
54.0mm; the outer cylindrical damper element 1124 has an outer diameter of about 54.0mmand awall thickness of about
2.5mm; the outer cylindrical damper element 1124 has a longitudinal uncompressed length of about 25.0mm; themiddle
cylindrical damper element 1114 has an outer diameter of about 45.0mmand awall thickness of about 3.0mm; themiddle
cylindrical damper element 1114 has a longitudinal uncompressed length of about 20.0 mm; the inner cylindrical damper
element 1104 has an outer diameter of about 35.0mmand awall thickness of about 5.0mm); the inner cylindrical damper
element 1104 has a longitudinal uncompressed length of about 15.0 mm. Such an example damper 1100 may absorb
impacts up to 300 g’s.
[0123] The compressibility of the damper 1100 may be based on the geometry and material properties of the damper
1100. For example, the compressibility of the conical damper element 1101 may be based on the geometry and of the
material properties (e.g., density) of the conical damper element 1101. In the case of conical damper element 1101 being
formed of one uniformmaterial, due to the tapered profile of the cone, the compressibility of the cone 1101may decreases
along the axis A-A from the tip 1101a of the cone 1101 to the base 1101b of the cone 1101. Thus, as the cone 1101 is
longitudinally compressed by a force, the forcewill be resisted by progressively stiffer (less compressible) conical damper
element 1101.
[0124] On the other hand, the compressibility of one or more of cylindrical damper elements 1104, 1114, and 1124may
not be a function of position along axis A-A. Instead, the compressible damper elements 1104, 1114, and 1124may exhibit
a uniform compressibility with increasing compression, in similar manner to a linear, Hookean spring that has a spring
constant. The compressibility of cylindrical damper elements 1104, 1114, and 1124may be based on the thickness of their
respective cylindrical walls, the number of damping coils (if the respective cylindrical damper element is a coil spring) or
convolutions (if the respective cylindrical damper element is a compressible element is convoluted), and the material(s)
forming the respective cylindrical damper element (e.g., silicone). The material(s) used and the values selected for
compressibility or stiffness for each portion of the damper 1100 are selected to allow the damper 1100 to absorb repetitive
impact forces including translational and rotational impacts.
[0125] Due to the staggered inner ends 1104b, 1114b, and 1124b of the cylindrical damper elements 1104, 1114, and
1124 and the configuration of the conical damper element 1101, the damper 1100 is configured so that the various damper
elements may be engaged (e.g., compressed) in stages based on the amount of force transmitted to the damper. Initially
following an impact, the translational and rotational impact forces will cause the one or more of the damper elements to
compress based on their respective stiffnesses andwill flex laterally based on the thickness, number of convolutions, and
radial spacing between cylindrical damper elements 1104, 1114, and 1124.
[0126] Fig. 11Ashowsa translational forceFapplied to theheadstabilizer 1103,which represents the translational force
that may be exerted by a user’s head to the head stabilizer 1103 during an impact. If the force F is large enough, the outer
cylindrical damper element 1124 will compress first while the conical inner damper element 1101 and the head
stabilizer1103 move longitudinally outward along axis A-A. If the force F is still large enough, the head stabilizer 1103
may move further outward to engage or otherwise contact the inner end 1114b of the middle cylindrical damper element
1114, which will compress alongwith the outer cylindrical damper element 1124. If the force F is still large enough tomove
the head stabilizer 1103 further outward, then the tip 1101a of the conical damper element 1101may engage or otherwise
contact the bases 1104a, 1114a, and 1124a of the cylindrical damper elements 1104, 1114, and 1124 while the head
stabilizer 1103 engages or otherwise contacts the inner end 1104b of the inner cylindrical damper element 1104.
Thereafter, if the force F continues to cause the head stabilizer 1103 to move outwardly along axis A-A, all of the
cylindrical damper elements 1104, 1114, and 1124 and the conical damper element 1101 will be further compressed until
they are able to balance the force F without becoming fully compressed or until they are all fully compressed. Thereafter,
the damper elements 1101, 1104, 1114, and 1124 are configured to elastically deform back to their neutral state shown in
Fig. 11A, unless the deformation caused by the impact has permanently damaged the damper elements, in which case
they will not return to their neutral state shown in Fig. 11A.
[0127] The radial spacingbetween thecylindrical damperelements1104,1114, and1124provides thedamper1100with
various levels of lateral stiffness to bend about the axis A-A in response to rotational forces transmitted to the damper
during an impact event. For example, when the outer cylindrical damper element 1124 and the middle cylindrical damper
element 1114 are engaged or otherwise contacted by the head stabilizer 1103, the area moment of inertia of the damper
1100 is effectively increased as compared to the stiffness of the damper 1100 shown in its neutral state in Fig. 11A. Also,
when the inner, middle, and outer cylindrical damper elements 1104, 1114, and 1124 are compressed along with the
conical damper element 1101, theareamoment of inertia of thedamper 1100 is effectively further increased. Thus, in other
words, the multiple damper elements 1104, 1114, 1124, and 1101 can, in combination, increase the flexural rigidity of the
damper 1100 as the damper compresses further in the outward direction. Thus, themultiple damper elements 1101, 1104,
1114, and1124 can,when successively compressed, increase the flexural rigidity of the damper 1100 so that it will laterally
deflect less under the same bending moment. Also, assuming that the materials, thicknesses, and dimensions of the
damper elements in dampers 1000and1100are the same, in comparison betweendampers 1100and1000, in the neutral
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state the damper 1100 has a larger moment of inertia than the damper 1000, because the head stabilizer 1103 is directly
attached to a cylindrical damper element 1124 that hasa larger diameter than the inner cylindrical damper element 1024of
damper 1000. Thus, damper 1100 is flexurally stiffer than damper 1000, and thus, damper 1100will deflect less about axis
A-A than damper 1000 for the same bending moment.
[0128] While three cylindrical dampers are shown in Fig. 11A, it will be appreciated that more or fewer than three
cylindrical dampers may be used. For example, Fig. 11B shows a damper 1100’ that is a modified version of the damper
1100ofFig. 11A, thatomits theouter cylindrical damperelement1124and (andattaches theheadstabilizer to the innerend
of middle cylindrical damper element 1114’) thus, reduces the overall lateral dimension of the damper 1100’ compared to
the damper 1100 of Fig. 11A. In the embodiment of the damper 1100’, the cylindrical damper element 1114’ is the outer
cylindrical damper element.
[0129] It will be appreciated that other modifications of the damper 1100 may be made and are within the scope of the
invention. For example, the length of themiddle cylindrical damper element 1114may be longer than the lengths of both of
theouter cylindrical damperelement 1124and the inner cylindrical damperelement 1104and theheadstabilizer 1103may
be attached to an inner end of the middle cylindrical damper element 1114.
[0130] It will be appreciated that dampers 1100or 1100’may substitute for damper 100 in system101and in helmet 400.
Fig. 11Cshowsdamper1100 (in its neutral state) in helmet 400.Anymodification to thedampers1100or 1100’ or to system
101 to incorporate the dampers thereinwould bewithin the level of oneof ordinary skill in the art. Also, it will be appreciated
that dampers 1100or 1100’may substitute for damper 150 in helmet 500, and for damper 700 in systems710and810. Fig.
11Dshowsadamper1100’ (in its neutral state) in helmet 500.Fig. 11Eshowsadamper1100" (with fewer convolutionsand
smaller dimensions thandamper1100’ inFig, 11D) inhelmet500.Anymodification to thedampers1100,1100’, 1100", or to
helmet 500 or systems 710 and 810 to incorporate the dampers therein would be within the level of one of ordinary skill in
the art.
[0131] Fig. 11F shows a portion of another embodiment of a helmet 1150, which incorporates at least one damper 1100.
Though not shown in Fig. 11F, in addition to damper 1100, the helmet 1150may include other dampers 1100 and/or other
dampers described herein. The helmet 1150 includes an outer shell 1152 and an inner liner 1154 attached to an inner side
1153of the outer shell 1152. The inner liner 1154defines an inner space1155 for receiving aheadof a user. Theouter shell
1152 is preferably harder and stiffer than the inner liner 1154, which is preferably a softer, elastic material. The outer shell
1152may bemade, without limitation, of fiberglass or polycarbonate. The inner liner 1154may bemade of ethylene-vinyl
acetate (EVA). The inner side 1153 of the outer shell 1152may be substantially covered by the inner liner 1154 except for
bore holes 1156 formed in the inner liner 1154 through which damper 1100 extends outwardly to the outer shell 1152. The
outer end 1134 of the damper 1100 is connected to the inner side 1153 of the outer shell 1152 andmay be connected by an
adhesiveorbymechanical fastener.Theouter cylindrical damperelement1124 is laterally spaced from the inner liner1154
surrounding the bore hole 1156. The inner end 1136 of the damper 1100 is longitudinally spaced froman inner side 1158 of
the inner liner 1154and thehead stabilizer 1103 is free tomove laterally and longitudinally in the interior space1155.When
the helmet 1150 is used by a user the head stabilizer 1103 may engage or otherwise contact the user’s head and may
initially cause some compression of the damper 1100 from the initial neutral state, even in the absence of any external
impact forcesbeingapplied to thehelmet 1150.However, thedamper1100 is designedso that theheadstabilizer 1103and
the outer cylindrical damper element 1124 will remain spaced laterally and longitudinally from the inner liner 1154 even
when the helmet 1150 is placed on the user’s head and not subject to external impact forces.
[0132] Any of the dampers described herein can be integrated into a protective headband, such as headguard 1200
shown in Fig. 12. The headguard 1200 includes a plurality of straps 1202 coupled together and formed into a generally
concave structure which can be placed on and around the head (not shown) of a user. At least one strap 1202a of the
plurality of straps 1202 forms a loop or band to wrap around the forehead and back of the user’s head. One or more of the
embodiments of dampers described herein may be attached at their respective outer ends to one or more of the straps
1202 on the concave (inner) side of the headband 1200 so that respective inner ends of the dampers are directed inward
and are spaced longitudinally along their respective axes from the straps 1202. In cases where the attached dampers
include head stabilizers, such as dampers 1000 and 1100, the head stabilizers are free to move and are not connected to
oneanother.Whena user places the headbandon their head, the head stabilizers are configured to contact and otherwise
engage the head so that the damper spaces the straps of the headband from the head in the neutral position of the
dampers.
[0133] The straps 1202 are preferably made of a durable, washable material so that the headband 1200 can be reused
betweenwashingswithout damage to the straps1202or the dampersattached to the straps1202. For example, the straps
1202 may be made of the same material as the dampers and may be integrally formed with the dampers. Thus, in one
embodiment, the straps 1202 and the dampers may be completely made of silicone rubber. Alternatively, the straps 1202
may be made of a material that differs from the material of the dampers. For example, the straps 1202 may be made of
ethylene-vinyl acetate (EVA)coatedwith vinyl,while thedampersaremadeof silicone rubber. Thestraps1202mayhavea
width that is at least as wide (in the transverse direction) as the dampers so that the outer ends of the respective dampers
are covered by the corresponding strap 1202 to which the damper is attached.
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[0134] Fig. 13A shows another example of a headguard 1300 thatmay beworn by a user.While only one side (i.e., right
side) of the headguard 1300 is shown in Fig. 13A, the other side that is not shown in Fig. 13A is symmetrical with the side
shown. Theheadguard 1300mayhavean inner layer 1304 thatmaybemadeof ethylene-vinyl acetate (EVA) and covered
or at least partially surroundedwith vinyl. The inner layer 1304may cover substantially all of the user’s head, butmay have
openings defined therein, such as openings 1310 for user’s ears. Also, the outer layer 1304 may define one or more
ventilation openings 1308. The headguard 1300may optionally have a chin strap 1301 that extends fromboth sides of the
headguard under the chin of the user. The chin strap 1301may be adjustable and/or elastic andmay be integrally formed
with the inner layer 1304.
[0135] The headguard 1300 also includes pockets or chambers 1305 that extend outward from the inner layer 1304.
Each chamber 1305 is formed between the inner layer 1304 and an outer layer 1307, which extends from the inner layer
1304 to at partially surround one ormore of the dampers described herein. The outer layer 1307may bemade of the same
material as the inner layer 1304, and may, in at least one embodiment, be made of ethylene-vinyl acetate (EVA) and
covered or at least partially surrounded with vinyl. At least one chamber 1305 is located on one or more sides of the
headguard 1300. For example, in the example of the headguard 1300 shown in Fig. 13A, chambers 1305 are located on
the left, right, top, back, and front sides of the headguard 1300. An example of the interior construction of one chamber
1305 is shown in greater detail in Figs. 13B and 13C, further details of which are described herein.
[0136] Figs. 13Band 13Cshowdetails of the interior one of the chambers 1305 in Fig. 13A. The chamber 1305 shown in
Figs. 13Band13Cencapsulates twodampers,whichareshownasbeingdampers1000’ of Fig. 10B.Theouter ends1034’
of each damper 1000’ are attached to an inner side of the outer layer 1307 and the head stabilizers 1003’ of each damper
1000’ extend inwardly andare free tomove relative to eachother (i.e., theyarenot connected to oneanother).Optionally, a
comfort layer 1005 may be attached to an inner side of the head stabilizers 1003’ of the dampers 1000’, as shown in Fig.
13B.
[0137] Also in the chamber 1305 is a layer of foampadding 1309 that surrounds eachof the dampers 1000’. Specifically,
the foam padding 1309 defines boreholes 1312 in which each damper 1000’ is disposed. The foam padding 1309 inside
the chamber 1305may be enclosed by ethylene-vinyl acetate (EVA) and covered in vinyl. Such coveringmay also line the
walls of the boreholes 1312 so that the foam padding 1309 is encapsulated by the ethylene-vinyl acetate and vinyl. The
diameter of eachborehole1312 is larger than theouter diameter of the correspondingdamper1000’ therein so that there is
an annular space or gap 1313 between the damper 1000’ and the padding 1309. The gap 1313 affords the damper 1000’
some freedomofmovement laterally in the borehole 1312before the damper 1000’ engages the padding 1309.Of course,
if the damper 1000’ deflects laterally and engages the padding 1309, such engagement will cause a damping effect to
absorb some energy. The padding 1309 is sandwiched between the outer layer 1307 and the inner layer 1304.
[0138] In one embodiment, the lateral width of the chamber is about 64mmand the longitudinal height of the chamber is
about 16mm.Also, the heights (in the longitudinal direction) of the inner cylindrical damper element 1004’ and thepadding
1309maybeabout 12mm, theheight of theouter cylindrical damper element 1014’maybeabout 10mm,and theheight of
the conical damper element 1001’ may be about 8 mm. The outer diameter (in the lateral direction) of the inner cylindrical
damper element 1004’ may be about 12 mm, the outer diameter of the outer cylindrical damper element 1014’ may be
about 20mm, theouter diameter of thebase1101b’ of the conical damperelement 1101’maybeabout 8mm,and theouter
diameter of the head stabilizer 1003’maybe about 20mm.Theannular gap between the outer cylindrical damper element
1014’ and the padding 1309 may be about 2 mm, and the annular gap between the inner and outer cylindrical damper
elements 1004’ and 1014’ may be about 2 mm. The longitudinal distance between the tip 1001a’ of the conical damper
element 1001’ and the outer end 1034’ of the damper 1000’ may be about 2 mm to 4 mm. The thickness (in the lateral
direction) of the cylindrical wall of the outer cylindrical damper element 1014’ may be about 3 mm, the thickness of the
cylindrical wall of the inner cylindrical damper element 1104’ may be about 2mm. The height (in the longitudinal direction)
of theheadstabilizer 1003’maybeabout 2mmand theheight of optional comfort layer 1005attached to theheadstabilizer
1003’ may have a thickness of about 2 mm.
[0139] There have been described and illustrated herein several embodiments of a head protection system. While
particular embodiments of the invention have been described, it is not intended that the invention be limited thereto, as it is
intended that the invention be as broad in scope as the art will allow and that the specification be read likewise. Thus, while
particular damper arrangements have been disclosed, it will be appreciated that other arrangementsmay be used aswell.
In addition,while particular types ofmaterials havebeendisclosed for the dampers, it will be understood that other suitable
materials can be used. It will therefore be appreciated by those skilled in the art that yet othermodifications could bemade
to the provided invention without deviating from its spirit and scope as claimed.
[0140] Further aspects and embodiments of the invention are detailed in the following numbered clauses:

1. A headguard for protecting a head of a user from impact forces, the headguard comprising:

an inner layer defining an interior space that is occupied by the user’s head;
an outer layer joined to the inner layer and forming at least one chamber therebetween;
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a plurality of separate and distinct dampers, at least one of each damper being at least partially disposed in the
chamber, each damper extending into the interior space along a respective longitudinal axis, wherein each
respective damper hasa fixedouter enddisposedat a fixedposition relative to theouter layer anda free inner end
disposed longitudinally opposite the fixed outer end in the interior space; and
aplurality of separateanddistinct engagementmembers corresponding to theplurality of dampers,wherein each
engagement member is disposed at the free inner end of the corresponding damper and is configured to engage
the head of the user,
wherein each damper includes a plurality of compressible damper elements concentrically arranged about the
longitudinal axis, theplurality of compressible damper elements includingan inner conical damperelement, a first
cylindrical damper element surrounding the conical damper element, and a second cylindrical damper element
surrounding the first cylindrical damper element and the conical damper element.

2. Theheadguardaccording to clause1,wherein: the secondcylindrical damper element extends to the free inner end
of the damper.

3. The headguard according to clause 2, wherein: the second cylindrical damper element has a second uncom-
pressed lengthand thefirst cylindrical damperelement hasafirst uncompressed length that is the sameas thesecond
uncompressed length.

4. The headguard according to clause 2, wherein: the second cylindrical damper element has a second uncom-
pressed length and the first cylindrical damper element has a first uncompressed length that is less than the second
uncompressed length.

5. The headguard according to clause 4, wherein: the plurality of compressible damper elements includes a third
cylindrical damper element between the first and second cylindrical damper elements and surrounding the first
cylindrical damper element and the conical damper element, the third cylindrical damper element having a third
uncompressed length that is less than the second length and greater than the first length.

6. The headguard according to clause 1, wherein: the first cylindrical damper element extends to the free inner end of
the damper.

7. The headguard according to clause 6, wherein: the second cylindrical damper element has a second uncom-
pressed lengthand thefirst cylindrical damperelement hasafirst uncompressed length that is the sameas thesecond
uncompressed length.

8. The headguard according to clause 6, wherein: the second cylindrical damper element has a second uncom-
pressed lengthand thefirst cylindrical damperelementhasafirst uncompressed length that is greater than thesecond
uncompressed length.

9. The headguard according to clause 4, wherein: the plurality of compressible damper elements includes a third
cylindrical damper element between the first and second cylindrical damper elements and surrounding the first
cylindrical damper element and the conical damper element, the third cylindrical damper element having a third
uncompressed length that is greater than the second length and less than the first length.

10. The headguard according to clause 1, wherein: the inner layer and the outer layer are formed from ethylene-vinyl
acetate covered in vinyl.

11. Theheadguardaccording to clause1, further comprising: a chin strapextending from the inner layer, the chin strap
configured to extend between sides of the headguard and under a chin of a user.

12. The headguard according to clause 1, wherein: at least one of the inner layer and the outer layer defines one or
more holes therethrough.

13. The headguard according to clause 1, wherein: at least one chamber is located on one or more sides of the
headguard.

14. The systemaccording to clause 1,wherein: the engagementmembers are spaced fromoneanother in the interior
space and at least one of the engagementmembersmoves laterally relative to the outer layer under impact force that
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moves the user’s head relative to the outer layer.

15. The system according to clause 1, wherein: at least one damper of the plurality of dampers absorbs energy by
compression and flexion under the impact forces that move the user’s head relative to the outer layer.

16. A helmet for protecting a head of a user from impact forces, the helmet comprising:

an outer shell;
an inner layer joined to the outer shell and defining an interior space that is occupied by the user’s head, the inner
layer defining a plurality of boreholes therein;
a plurality of separate and distinct dampers, one of each damper being at least partially disposed in a
corresponding one of the boreholes, each damper extending into the interior space along a respective long-
itudinal axis coaxial with the corresponding borehole, wherein each respective damper has a fixed outer end
disposed at a fixed position relative to the outer layer and a free inner end disposed longitudinally opposite the
fixed outer end in the interior space; and
aplurality of separateanddistinct engagementmembers corresponding to theplurality of dampers,wherein each
engagement member is disposed at the free inner end of the corresponding damper and is configured to engage
the head of the user,
wherein each damper includes a plurality of compressible damper elements concentrically arranged about the
longitudinal axis, theplurality of compressible damper elements includingan inner conical damperelement, a first
cylindrical damper element surrounding the conical damper element, and a second cylindrical damper element
surrounding the first cylindrical damper element and the conical damper element.

17. The helmet according to clause 16, wherein: the second cylindrical damper element extends to the free inner end
of the damper.

18. The helmet according to clause 17, wherein: the second cylindrical damper element has a second uncompressed
length and the first cylindrical damper element has a first uncompressed length that is the same as the second
uncompressed length.

19. The helmet according to clause 17, wherein: the second cylindrical damper element has a second uncompressed
length and the first cylindrical damper element has a first uncompressed length that is less than the second
uncompressed length.

20. The helmet according to clause 19, wherein: the plurality of compressible damper elements includes a third
cylindrical damper element between the first and second cylindrical damper elements and surrounding the first
cylindrical damper element and the conical damper element, the third cylindrical damper element having a third
uncompressed length that is less than the second length and greater than the first length.

21. The headguard according to clause 16, wherein: the first cylindrical damper element extends to the free inner end
of the damper.

22. The headguard according to clause 21, wherein: the second cylindrical damper element has a second
uncompressed length and the first cylindrical damper element has a first uncompressed length that is the same
as the second uncompressed length.

23. The helmet according to clause 21, wherein: the second cylindrical damper element has a second uncompressed
length and the first cylindrical damper element has a first uncompressed length that is greater than the second
uncompressed length.

24. The helmet according to clause 19, wherein: the plurality of compressible damper elements includes a third
cylindrical damper element between the first and second cylindrical damper elements and surrounding the first
cylindrical damper element and the conical damper element, the third cylindrical damper element having a third
uncompressed length that is greater than the second length and less than the first length.

25. The system according to clause 16, wherein: the engagement members are spaced from one another in the
interior space and at least one of the engagement members moves laterally relative to the outer shell under impact
force that moves the user’s head relative to the outer shell.
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26. The system according to clause 16, wherein: at least one damper of the plurality of dampers absorbs energy by
compression and flexion under the impact forces that move the user’s head relative to the outer shell.

27. A headguard for protecting a head of a user from impact forces, the headguard comprising:

an inner layer defining an interior space that is occupied by the user’s head;
an outer layer joined to the inner layer and forming at least one chamber therebetween;
a plurality of separate and distinct dampers, at least one of each damper being at least partially disposed in the
chamber, each damper extending into the interior space along a respective longitudinal axis, wherein each
respective damper hasa fixedouter enddisposedat a fixedposition relative to theouter layer anda free inner end
disposed longitudinally opposite the fixed outer end in the interior space; and
aplurality of separateanddistinct engagementmembers corresponding to theplurality of dampers,wherein each
engagement member is disposed at the free inner end of the corresponding damper and is configured to engage
the head of the user, wherein
each damper includes a plurality of compressible damper elements concentrically arranged about the long-
itudinal axis, the plurality of damper elements including a plurality of linear damper elements and a non-linear
damper element.

28. The headguard according to clause 27, wherein: the plurality of linear damper elements surround the non-linear
damper element.

29. The headguard according to clause 28, wherein: the linear damper elements include cylindrical damper elements
and the non-linear damper element includes a conical damper element.

30. A helmet for protecting a head of a user from impact forces, the helmet comprising:

an outer shell;
an inner layer joined to the outer shell and defining an interior space that is occupied by the user’s head, the inner
layer defining a plurality of boreholes therein;
a plurality of separate and distinct dampers, one of each damper being at least partially disposed in a
corresponding one of the boreholes, each damper extending into the interior space along a respective long-
itudinal axis coaxial with the corresponding borehole, wherein each respective damper has a fixed outer end
disposed at a fixed position relative to the outer layer and a free inner end disposed longitudinally opposite the
fixed outer end in the interior space; and
aplurality of separateanddistinct engagementmembers corresponding to theplurality of dampers,wherein each
engagement member is disposed at the free inner end of the corresponding damper and is configured to engage
the head of the user,
each damper includes a plurality of compressible damper elements concentrically arranged about the long-
itudinal axis, the plurality of damper elements including a plurality of linear damper elements and a non-linear
damper element.

31. The headguard according to clause 30, wherein: the plurality of linear damper elements surround the non-linear
damper element.

32. The headguard according to clause 31, wherein: the linear damper elements include cylindrical damper elements
and the non-linear damper element includes a conical damper element.

Claims

1. A helmet (400, 1150) for protecting a head of a user from impact forces, the helmet (400, 1150) comprising:

an outer shell (401, 1152);
an inner layer (402, 1154) joined to theouter shell (401, 1152)anddefiningan interior space that is occupiedby the
user’s head, the inner layer (402, 1154) defining a plurality of openings (406) or holes (1156) therein;
aplurality of separateanddistinct dampers (1000’), at least onedamper (1000’) beingat least partially disposed in
a corresponding one of the openings (406) or holes (1156), each damper (1000’) extending into the interior space
along a respective longitudinal axis coaxial with the corresponding opening (406) or hole (1156), wherein each
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respectivedamper (1000’) hasafixedouter end (1034’) disposedat afixedposition relative to theouter shell (401,
1152) and a free inner end (1036’) disposed longitudinally opposite the fixed outer end (1034’) in the interior
space; and
a plurality of separate and distinct engagement members (1003’) corresponding to the plurality of dampers
(1000’), wherein eachengagementmember (1003’) is disposedat the free inner end (1036’) of the corresponding
damper (1000’) and is configured to engage the head of the user;
wherein each damper (1000’) includes a plurality of compressible damper elements (1001’, 1004’, 1014’)
concentrically arranged about the longitudinal axis; and
wherein the helmet (400, 1150) is characterized in that:
the plurality of compressible damper elements (1001’, 1004’, 1014’) include an inner conical damper element
(1001’), a first cylindrical damper element (1004’) surrounding the conical damper element (1001’), and a second
cylindrical damper element (1014’) surrounding the first cylindrical damper element (1004’) and the conical
damper element (1001’).

2. The helmet (400,1150) according to claim 1, wherein:
the second cylindrical damper element (1014’) extends to the free inner end (1036’) of the damper.

3. The helmet (400,1150) according to claim 2, wherein:
the second cylindrical damper element (1014’) has a second uncompressed length and the first cylindrical damper
element (1004’) has a first uncompressed length that is the same as the second uncompressed length.

4. The helmet (400,1150) according to claim 2, wherein:
the second cylindrical damper element (1114’) has a second uncompressed length and the first cylindrical damper
element (1104’) has a first uncompressed length that is less than the second uncompressed length.

5. The helmet (400,1150) according to claim 4, wherein:
the plurality of compressible damper elements (1100) includes a third cylindrical damper element (1114) between the
first and second cylindrical damper elements (1104, 1124) and surrounding the first cylindrical damper element (1104)
and the conical damper element (1101), the third cylindrical damper element (1114) having a third uncompressed
length that is less than the second length and greater than the first length.

6. The helmet (400,1150) according to claim 1, wherein:
the first cylindrical damper element (1004’) extends to the free inner end of the damper (1036’).

7. The helmet (400,1150) according to claim 6, wherein:
the second cylindrical damper element (1014’) has a second uncompressed length and the first cylindrical damper
element (1004’) has a first uncompressed length that is the same as the second uncompressed length.

8. The helmet (400,1150) according to claim 6, wherein:
the second cylindrical damper element (1014’) has a second uncompressed length and the first cylindrical damper
element (1004’) has a first uncompressed length that is greater than the second uncompressed length.

9. The helmet (400,1150) according to claim 8, wherein:
the plurality of compressible damper elements (1000) includes a third cylindrical damper element (1014) between the
first (1004) and second (1024) cylindrical damper elements and surrounding the first cylindrical damper element
(1004) and the conical damper element (1001), the third cylindrical damper element (1014) having a third uncom-
pressed length that is greater than the second length and less than the first length.

10. The helmet (400, 1150) according to claim 1, wherein:
the plurality of dampers (1000’) are attached to the outer shell.

11. The helmet (400, 1150) according to claim 1, wherein:
the plurality of dampers (1000) are attached to the inner layer.

12. The helmet (400, 1150) according to claim 1, wherein:
the plurality of openings (406) or holes (1156) comprise a stepped-opening defined by the inner layer.

13. The helmet (400, 1150) according to claim 1, wherein:
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the plurality of openings (406) or holes (1156) comprise a recessed depression defined by the inner layer.

14. The helmet (400, 1150) according to claim 1, wherein:
the engagement members (1003’) are spaced from one another in the interior space and at least one of the
engagement members (1003’) are configured to move laterally relative to the outer shell (401, 1152) in response
to an impact force that moves the user’s head relative to the outer shell (401, 1152).

15. The helmet (400, 1150) according to claim 1, wherein:
at least one damper (1000’) of the plurality of dampers absorbs energy by compression and flexion in response to
applied impact forces that move the user’s head relative to the outer shell (401, 1152).
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