Sisbstitute for form 14428/P7TO
ENFQRMATEQN DESCLQSURE Compilete if Known
STATEMENT BY APPLICANT Application Numbey Unknown
Filing Date Herewith
First Named Inventor | Knight, Robert
Art Unit Unknown
Examiner Nams Unknown
{Use as many sheels as necsssary)}
Attorney Docket No: BRGDPOOH
Sheet 1 of 2
US PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Applicant of Cited Filing Date
initial * No Document if Appropriate
US-8856777 09/28/1988 FPopovich, Darko D, 07/22/1998
US-7076811 (7/18/2006 Puchalski, lone G. (6/16/2004
US-5815846 10/06/1998 Calonge, Rafas! 11/27/1896
LIS-5713082 02/03/1998 Bassetle, Aldean B, et al. 03/13/1996
US-6378140 04/30/2002 | Abraham, Carl J., et al. 08/07/2001
US-6434755 (8/20/2002 Halstead, David P, et al. (6/02/2000
US-20110004880 01/13/2011 Leatt, Christopher J., et al. 10/13/2006
LIS-3846441 03/30/1976¢ | Johnson, John R, 03/19/1973
US-8176574 05/15/2012 Bryant, Mark et al. 11/23/20006
US-0096856 (32/14/2006 Puchalski, lone G. (4/12/2005
US-4352484 10/05/1982 | Geartz, David C., et al. {(9/05/1880
LIS-7254843 08/14/2007 | Talluri, Srikrishna 06/29/2006
FOREIGN PATENT DOCUMENTS
Examiner Cite Forsign Patent Document Publication Date Name of Patentee or Applicant of cited 2
initials™ No Document
WO-2004032659 04/22/2004 Madey, Steven M., et al.
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS
Examiner Cite inctude name of the author {in CAPITAL LETTERS], title of the article {when appropriate), title of the item T2
initials™® No | {book, magazine, journal, serial, symposium, catafog, etc.}, date, page(s}, volume-issue number{s),
publisher, city andior country where published,
"Helmetl with Fiuid Layer that Protects Against a Common Cause of Head
Injury”, Office of Technology Licensing, University of Florida, [Online]l. Retrieved
from the Internel: < http:/fapps.research.ufl edu/otiipdfimarketing/13586.pdf »
Accessed on 7/12/12,2 pgs
GOEL, R et al., "Design of an Advanced Haimet Liner User Simulations”,
[Online]. Retrieved from the Internet: <
hitp//mvl.mit.edw/MVLpubs/MVL 10.07 Geelpdf > Accessed on /13/12.8 pgs
"Proposal for a Novel Helmet Design®, Braingquard Technologies, 14 pgs
VIANG, DAVID C., st al,, "Concussion in Professional Football: Brain
Responses by Finite Elament Analysis: Part 9%, Neurosurgery, Vol 57, No, 5,
{November 2005} 891-816
BOSCH, HENRICUS V., "Crash Helmet Testing and Design Specifications”,
University Press Fagilities, Eindhoven, The Netherlands, (2006179
EXAMINER DATE CONSIDERED

~ EXAMINER: Initial if reference considered, whether or not citation is in conforrance with MP
applicant.t Applicant's unique citation designation number

Substit

rm (PTO-1448}
iation if not in conformance and not considered. Include
ace a check mark hiere if English language Translatic

Page 1 of 176

attached

copy of this form with next communisation to

REVELYST 1003




Substitute for form 14494/070O

INFORMATION DISCLOSURE

{Use as many sheels as necsssary)}

Complete if Known

STATEMENT BY APPLICANT Application Numbey Unknown
Filing Date Herewith
First Named Inventor | Knight, Robert
Art Unit Unknown
Examiner Name Unknown

Shest

Attorney Docket No: BRGDPOOT

<
T4
B

OTHER DOCUMENTS - NON PATENT LITERATURE DOCUMENTS

Examiner
initials”

Cite‘
No’

include name of the author {in CAPITAL LETTERS), title of the article {when appropriate}, title of the item
{book, magazine, journal, serial, symposium, catalog, stc.}, date, pagels), volume-issue number{s),
publisher, city andior country where published,

COLLINS, MICKY st al,, "Examining Concussion Rates and Return to Play in
High School Foothall Players Wearing Newer Helmet Technology: A Three-Year
Prospective Cohort Study”, Neurosurgery, Vol. B8 No. 2. (February 2006),275-
288

"Lazer Helmets”™, [Onling]. Retrieved from the Intermet: <

hitp/iwanw lazerhelmets.com/wp-content/uploads/2011/04/Catalogue-
Motoreyaling-2010-UK pdf > (2010),

MAY, PHILIP R et al,, "Woodpsacker Drilling Behavior: An Endorsement of the
Rotational Theory of impact Brain Injury”, Arch Neural, Vol. 38, (June
1979),370-373

WANG, LIZHEN et al., "Why do Woodpeckers Resist Head Impact Injury: A
Biomechanical Investigation™, PLos One, Vol 6. No. 10, (October 2011},1-8

EXAMINER

DATE CONSIDERED

~ EXAMINER: Initial if reference considered, whether or not citation is in conforrmance with MPEP §03. Drg
applicant.t Applicant's unique citation designation number (outional} 2 Applic:

Substitute Disclos

terent Form (PTO-1448)

o place a check mark here if English language Translation is attached

Page 2 of 176

on if not in conformance and not considered. Include copy of this form with next communication to




DECLARATION
AND POWER OF ATTORNEY
FOR ORIGINAL U8, PATENT APPLICATION

Asa below-gamed inventor, | heeeby declare that
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1 beligve that | am the original, fivst and sole inventor (ifonly one name fs listed below) or an original, firgtand
jorat iaverdor (i phural names are Rated below) of the subject matter which is claimed and foe which a patent is
songht on the nvention entitled: BIOMEBOHAKICS AWARE PROTECTIVE GEAR, the specification of
which,
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2, D was filed on a3

5. AppHeation Mo,
and was ameuded on

3 was filed on as
POT Intornational Applicaticn M,
and was areended on

{ hereby state that Uhave reviewed and paderstand the contents of the abovi-tilenti fled application, lnthuding
the clabihs, o aimendad by any amendment referred to above,

1 acknowledge the duty {o disclose information which i matertal 1o patentability as defived In 37 CER 1,36,
inchwling for continuation-in-part sppiications, materis! information which became available bebween the fling
dats o1 the pricr application and the national or PCT hternational filisg date of the continuationsin-part
application;

Prior Forveign Applicationis}

1 herchy olaiin foreipn prionity benedits under Title 35, United Swtes Code, §1 "(\3 {dy or (D, 00 ix’sS(b') of any
foreipn application for patest or ventor's ceriificate Hated below, or under §365(w) of any PCT intermnational
application which desiprated af least one country other than the Unlted States st (i below, and 1 haw
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the Patent amd Tradainmb Office conuested therawith,
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that willfid false statenvents and the Hie so made are punishable by fine or Impeisonment; or bolk, vadsr zection
1001 of Title I8 of the United States Code, and that suchowiliful false statements may joopardize the validity of
the application or any patent issuing thereen,
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muoroshed! 38 and Hiner 32 contain suhstantial shay
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Sretors such aw style, sevsdynamios, head coaling, oo
Figure 1 shows a traditional recroational spovts havd shell haloat 20 in longindinal

sross-section. A padding laver 33 survounds and v genersily shaped to 88 Queally with ingert

foam padding to adjust for a comfortable 1) the prodected portion of the wearer’s headl &

hargd outer shell 24 of glaeswsinforond plastic, potvcarbonate thermoplastics, or the B, ix

i\hﬁ} ¥ § ‘-.. ; il}{ i

of relontion systont {e.g, strapy 26) alliws the wet to

attach the hebmet securdy o the head, wsuslly vossingly with a

suspended rear strap or member that sligns the helmst properhy on the wosrer’s hes

~./
o

hshmet retention system usuaily attaches dresctly o Outer shall 34

T

Figure Lshows, v oross-section, s aioro-shel] hedrmet

3

7. which has largely replaced

g

b

the tradional bavd shell Bedaed for most Moyvels sppheations {primanty due to redaced

o~

weight), Helnet 27 osey s liner 23 manafintured froon expanded polys

yrene beads, designed

tr bl Rineliv enevgy upon inpact. A tape strip (ool shown) ronning adong the Towsr sdpe
ol & plashie miceoshel] 28 seoures the plastic manroshel! o the egtanor of Huer 32, A balosl
erally altaches v andfor loops through hodes iy 22, Upon
substanttal bnpact, the plagtic mizroshell may toar apart o spbil, and the wderlyving Huer may
erack or shadter a¢ it ashaobe onorgy. Lonseguenthy, microshell bebmed munudactorers
typically recsnmend replacoment after v single crush, oven Whelmet infogrity appoarsy

uncommprotrased.

i, large oo

bean imesparg Figure ¥ Hustrates & verted nricroshell

holmet 3 i longitedingl cressection. Although stunilar o constnuntions o hedmat 27,

]

2., 343 that ostensibly
function as vonts 1o allow soame aicfiow through the hebmet. The ramaining polvstvrens struls

32 ay be quite thiek, Iy prder to restors at least part of the strectural idegnity lont due i

(%]
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BRIEY DESURIPTION OF THE DRAW E\{n
The invention may b bost wderstond by reading the disclosure with reference o the

draswing, wherstre

S Figuras 1, oend 3 show longmtnding eational
helimet dontgns;
Fipmwes 44 and 48 coavtaln cvossvsections of o helrad aorording t an ombodimend of
s frvention, shown respeatively io Tongitudinal and lransverse cross seetion;

Figore § v constrocsion and fanctional detait of the erabodiment of Figurus 44

0 and 4y

wres 6 and 7 show contnurtiog and fnctioeal detail of ancther crabodiment

et

sanploving s diffisvont iderface layen
Figures B4 and 81 ilustiste yoi shother embodiment of the mvention, whch

te)

inocorporatis air venly and uses an interface bayer disposed newr the outer helmet shelly

1S Figuray BA aad 91 depdet and ver coanprising & lametiar shructoes
seapeotivedy undey no-Toud el tangential forow vonditionsy
Figrsy 10A and HIR degol sy fterface laysr comprising sdincent rigid shalls,
ety under no-load s tangential foroe conditions)
Figurss 11A, VIR sd 11O dopie! s fnterface layver ovoploving thin conngcting
20 membery that paas Sweough the tnterfuse boyer, respaotively wader vo-toad, small tangential
tenistic for a nondinear
o an sothodinient of the irvention
traction of an srbodisent wheten connecting mondwry sy
35 digposed avounad the penipbery of aly vants in & hebmed; aund

Lot
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Figure 14 demovatrates et resulis Sy a s embodinag of the
invention when subjested to o oblique ipact with a conerete surtaos,
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The increased use of bloyols helmsts over the pest decsde doss not ssom to have

%

1et, bt hay coincided with s

L

shuced the inetdencs

"4

ate ¢

5 ¥9% fnerease i $he rate of head fryuries per setive oyelisl. This phensmenom may only

insufficiontly be explained v o vwre sgerassive tiling attitude snunyg bivyelists, based on a

paleey

P c

senee of semgrity provided by hebmaty, s new

the design of bloyale heboatls,

"ﬁ@ :}{;w‘ }\u,v g hedmeds are pring

foads by means of & padding laver yndaddying @ gonerally deme-shapsd semi-rigid shall, This

L o Dt

design is sffective in distibuting a focused mpant ovor a larger area of te cranium 10 rdues

s sk of skull Fachuoss, Given geomatrie constraints of the padding Tayer, howaver iy

o

ability to shaork & sigrificant anunag of onergy is Inied. Subsequently, the remadaing
ensrgy will be transfosmed into aoceleration of the hesd, where the anount and duratton of

fiead acceleration directly correlates to the extent of triuematico beimin injury. Ther

design of contomporary bleyele helmets may effsctively redoce the incident of shadl

.

fracturas, but faily short In pravtecting #s user from the drabling comseguences of trmpaain

brain inoery.

Second, Movels holmets are primartly des

(11

srgned to abaorb fopaet loads by weany of

anergy-ahsorbing snd foadedistribating layers, This design greatly nvressss the distance of
the fnwpact site (Lo, the semisigid vuter shell) o the apparent rotadion axis of the head

.

sround the nook, therefore prov @ lover aom o transforns the fangential

component of an obilpe hnpast 1o the belme acoelesation of the head. Since

o
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ety head, srvouter belawd

padding Inserty, not shown) to affix inner holmet layer 41 o g wen

Taver {the vombination of ensrgy-shaorbing lager 43 and mivroshell 44 in this embodiment},

and an intarface Jayer 45 disposed betywzen the fruwr and outer helmed lvers.
The nalde surfice of energy-absorbing yee 43 forme 2 cavity with a spbenoal
corvature, Livewise, the extertor of sncrgy-absorbing laver 41 has a spbarioad curvaturs with

v"a_ )

surfhoe of lnver 41 and the cavity surfier of laver 43,

terface layer 48 can provide, in esae
$ Fieml S TSR T AT st AT et e e py e
Siotion to allow relative displacement between layers 41 and 43 tnder shligue tapatt

sammbled hebmet 40 allews » et Taver to reman affixed

b

fvwing potentially lavgs wila dacement of outer lavors 43

o
=
e
s
B
Z
5
w—
)-i‘
-
o
1€
%6
e
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i
T
1
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and 44 with respest t the fner layer {and the wearer’s heady in respons
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fot®
s
fd
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Loy
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]
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o > vy

smbodiment. In this cimbodirment, inferfios layer 45 conststs of a distensible flexible

Y

snvelope filled to & dodred thickness with a visoous medinne 82, Visoous sadium 82 can b,

%
‘¢
Ny

wiong, wmofl, or other lebovant),

for sxample, 2 gel {o.g., silicone), a Hgwd {o.g, aqucms soly

o

$ 50 of the envedope is senwred 1

> envelope s seoursd 10 the ouler

surfase of {nner helmet laver 41, Along the bottom edgs of the interface, 8 “slask™ ssotion of

distend to displase portions of the viscous suediuny and %

<
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ation of an obligue fores veotor F o the outor helimet &4,

£

Figure 5 depicts the

SN

Force vector F oan be decomposedd o two somponsnt veetors, one {Faon) normal to the

gt Suting ong the helomt aurface,

Gon ebwesn layer 44 anadthe

-,

fangs

In response to force

outer hebnet layers with regpect to the in

e

10 lesst g portion of & rotational caanponent th

weurer's head,

cavelope 45 muy absorb g portion of Toros vaeon Fium 88

visoous medhan §2 pressurizes, forcing snvelope 43 to distond slong Wy poriphery and allow

22 &

b 3

sorne of viscous medhun 32t be dlaplaced from hatwesn Tayors 41 and 43, Gropwirie and

soretiiutive propertise of the envelnpe and viscoos moditan, such sy mediug tickness and

15 wissosity, the clastic modulus and area of unailached envelipe at the holmat periphery, snd
the foree rogare it be adaptad o moest
specific shook r specrii helo
applicativne.

An adidithonal advantige thet can be achdeved in af loast some embidiments is

20 hwproved absorption of foree vetor Fie dus to the displacement of the impaet site during
fapact, Matertale such as foany will complately somprass, o “hotim out”™, near the fnpact
site for some value of Fiom  To reduce this phendmenon in 1 prior art helmel, typmicsily one

it with o displacesble outar layer, howevar, the
s sito will generally be changing over the
25 durstiov of the impact, This movement Incveases the ares svar which the fner form layer is

7
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reinforced plastios/reain systerns, polycarhonate, titanium, or pachaps high-denstty
poivethylons. Adthough sueh an embodiment can potentially use w mrioroshelly » nucmshell

¥

may tend o erack and tear upon hupact, exposing the tateefacs layer and allowing the mmpact
surfaes to ablate the wnderdving inderfher layer, Depending on interface laver construation,
thiv characieristic may or may not be telerable—ifnot, & hard sholl thad resiats deformution

A

Figawes 84 and 88 show other Reatures that sy be desivable o a particular

applivation. For instanve, helmet 80 incorporates miv vends {e.g., 88}, with g interfacs layer

Rl

attacked to sapport pillars 81, 82 of the helmat, Helmet 3O alaw Hustrates that the maer sud

uter hebuet layers need not have coegtensiva hoad coverage (vox hidden Hne 83 in Figure
2B, showing the lower edge 83 of the intertace laver 84, In practiee, a design miy lmit the
extent of the interface 1o hebmet areas fat an most Hiely to strike the provmd 5o a8 i cause

rstations! aocelerstion, e.g., the fontal helmet quadvants, provided that sufficiont cleasmes is

33

allowed for outer helmet dssembly daplacanunt upon mpact,

i 3

Finally, holnet 80 shows & tail appondage 87 attached to the sataide of shell 83, Tail
appendage 87 can be used t fmpart aecodimamic or sexthetic qualities fo the belmet withoul
] o

wiacsment function of tntorfios layver 84, Other constructs can have, for

or 84 and pert of shell 83 covering part

1 directly fo & part of mtariace layer 84

of tail appendags 87, with ] apporalage 8
In addition to the llsd spvelope and hyper-elastin gl embodiments slready
described, other interfhos Jayer constructions ave possible. Figore BA shows asectionofa
Helmol with an cuder helmet laver 80, s inner helmet layer 82, and s fnterfave layer 84

o fayers 90 and 92, Intorface layer 84 comprises a lumalls

. Codians 96 buckle undsr an fmpset foroe o shsorb bopact

&
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v an interface layer comprized of two aolid shell lavers 106 5

Solid shell layer 108 atiached toran outy hehmot laver 108, Solid shell layer

%

£57%

108 attaches i an nney hebwet layver 182, Th

£

¢ sodid shell Tayers con by desigred to slide
readily soross each other in response v a foree Fiy appiied & the outer helmet layer (se
Figare HIRY, therehy deflecting the force instead of transoutting i to the inner hebmed hyysr.

=7 + g

Sosd ghell

vers 106 and 108 van be construsted, for example, of muateriuds that exhibita low

Optionally, solid shell 108 can fnction alone aa both outer shell 100 and ag partsd

o

he displaceable interface of the belmeal in some sbodimenty,

F \

Rtadls 106 and 108 can be held together infilally In o fixed poxition, e.g., by penpheral

g or another covmenting mamber (o he axpdained below} designed 1o shear npon fmpret,

thereafler adbvwing free {or frear) motton bebwean the two ghells,
Tha interface Tayer with muliiple solid shell Bovers can also comywise more than ang
fransiation interface, as shown in Figures 16C and 10D, In Flgwes HIC, the interface layer

CTOR, and 108, The :&VL»

oy by Bk topether indtially such that o sufficlont foree will froe all lavers to translate
shroltansousty {for ingtance, 8 single tape srip may hold &l four layers to the remainder of
the heloeth, O, different Srces may be reguired o fee the respective layers S fransintion,
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frees, for sxample, 1t may be desirable to reatviet such diaplacumeng prior to an intpact event,

Ascordingly, Figure 1A shows an interface layer conatrustion with a primary interface
msdiorn 114 diaposed betwesy an ouder helmet layer 110 and an tonser helmet layer 113

Intormitiont crrmscting morabers 116 pass throogh primary intseface mediom 14 10 o the

immer aand ounter helnet loyvers, The somn
holmed layer 112, but can, in the alternative: Ie integral o outer hebmet layer 110, contain

acetions intepral fo hoth the inner and outer helmet lyyers that sre sogageddconnected during

axsentbly; or be completely sepanate front the and owder helmet layers votil conneoted

during assernbly.
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Praforably, crpecting

helmet layer with seapent to the nner heboel layer under normal

e

impsarting @ unitary fvel tr the hebaol. For instancs, Pigae

o

vonnecting mambers [ when & tangential Brce Py less than s
design shear foves Fy s applied 1o cuter helmet layer 110, & seoall displacement o s
shacrvad as cotmmoting memabers 116 vesist the propemsity of interface fayer 114 to displace,

nbers 115 ave designed 1o shoar or otherwiss diseonnect, however,

wher & langential foree Fuay oxceeds the design shear fwoe Fyo T he design shearfores Fg 1
i h\ P o

pe

1l ympaot Rrees

proferably set taw soough et connscling mew

jeadicative of a orash—and lower than & fores that would cause a prtentially inpurious head
socaleration, As shown in Figare 110, oncs connenting menthers 116 Gl interface layer

3

114 cay allow a relatively bage displacomant O

In some crabodiments, Hmoay not B8 necessary that merabars 116 achually connect the

fnney snd outer heloet layers. For fnstance, members 116 tan subsiantially wapede largs

Ny

depdavements of & byper-elasiic layer by vistue of protruding through a postion of the Tayer’s

thivkaeay and extending along the laver perpendizutar 1o the direction in which displacement

Yot
%]
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18 10 be grmsirained

Another way o view an intorface laver with connecting sndfor displasement-
irnpeding wembery ¥8 sy an interfaos layer that responds non-linearly to tangential forees,

2 contains a graph 30 showing displacement of an outer laver 122 with respect 10 an

X

W
it
98

tnner Javer 124 8s a finetion of an appliod aogentind fores Fuee A connentinghsplacement

126 mitially v

fmpeding moembey 128 within &

cess Tose than Fepagouse a

o A

spax 18 exoreded, howsver, member 128

]

zero displacoment once the Rroe s revpoved, Dnce b

9

i fatle, onusing ax inelastic change in the respunse charasteristic of inferface liyer 126, which

£

cat then move through relatively lavge displaceoments in response 1o tangeatial forces mueh
smaller than Fega
Comnecting mernbars can e @ variety of fumas. For instuney, Figure 13 Hlustrates 2

grosa-section of & venied helmet 130 Helmet 130 contains connecting mambars 139 molded

P
e

oty an fnver helmel laver 132 at the periphery of i vords snd sdong the ouler peophery of

fhe inner helmet lover 132 whore it joins the outey paniphery of an outer hebmet layer 135

tface of innor hebmet laver 132 contatns fommd

Accordingly, the swbeardly faving s
depressions, betwesn vonneating menthert 139, into which an interface medirn 138 can ba

N

jnserted, Cuter helmet laver 1354

3 interfoe median 138 and connecting membors 139, Thus the crosssectioned fnner helmst
support pitlar 131 adberes o tross-sectioned outer helumet support pillar 134, eucapailating &

portion of fnterfave mwdivm 138 and foming one surface of an afr vent and 3 fower helmet

other portion of inderfacs madium 138 and

A
Py

wsed in the rogt of the helmet.
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Thus Balmet 130 containg an Sncapsulaied inferfics medinm 138 and Has the sutwand

sppearancs of & prior ant halmet, Under a Targs impact force, binvever, tonnecting menibers

pRRY A

3
3

138 readily 31, allowing the outer heluwet assombly to witats about the

due i the proviously desoribed properties of interfacs medwm 138

ults of & gaided frop-fall drop tost comparing a standard

s helroet {ype squipped with & low-friction bxerface layver, (s

W attaching 8 distensible siticone-Tiled spvelopetn e

outside of the outer helmet layer, A sogment of an oator holmet layver frow an identical

Nadmet weas then sttrched (o the outside of the silicone-filled envelope, frming & kow-Hletion

~

o the standant and modified helmsty wers then porfwmed by artaching the
helmets fo & headform with a binged “peck” joint and dropping sarh helmet onto & conerete
awvil, The concrste anvil had a top surfaee angled at M) dogroes to horizontal to simudate an
shbinue impact that wight goour in 3 bicyels erash where @ rider i tamched onte pavement,

Peak Huear acceleration, peal angukey soveleration, snd neek moment were misssured
forr fhe standard sud LFD belmets. pon impact, the fnner sssembly of the LFY helmaet

e 3

transiated paralel to the surface of the avil, lnducing 8 backward rotation of the head arow

the npeck joint. The standard belmet (id wt slide on the anvil surfros, and therelors induced 8

head Nexion oo, The head Sexdon momerd Ruther fomedocked the stansdard hebuet o

the anvil, prevented sliding of the stondard hisbnet. Accordingly, compared o the standard

hislmet, the LFL helmet exhibited an &7% smaller peak Hnear acceloration, & 68% lewsr peak

angular soosioration, and & 74% deorease in nock momends,
Helmet materials are widely sclectable, dopending on design. By way of sxamply,

i

engegy-sbatriang b trocted of polystyrene Sy sxpanded polyatyrane foam,

hexagonal honeveondd straciures, and the Bks, Sore outer shell maderials arg? tHandhan ¢

ot
ped -

14
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1o A& holmet conyrising?
an inner hehmat ayer;
an outer hebmet haver; and
an interfaes laver disposad between the fimer and mater helmat layers, the

i

intorfien layer allowing displacement of the sater helmet fayer with rospest to the

fnner helmet Tover i reaponse to gt

~w

igential impact force sppdiad fo theouter helpwet

ES

faper.

o

2. The helmet of clatm ¥, whsreln the outer helmet layss vomprises a hard shell, and

-
<L
o
o)
34
3
o
%
2
o]
e
<%
s
i
o s
pos
b
7
>.
,~

ey helmet layer comprises an snorgy-absoriing layer.

<

The helmetof datm 1, wherein the ouder et vy

oo
,».
'“s
=
<

somprises 2 frst onsrgy-
shaorhing fayer sud s ndoroshall at least partially overlying the frst onergy-absorbing

tayer, amd wherein the mner helmet

4, The hehwet of claim 1, Srther compristig & helmed retention systam o seoues the

& gl

iy
=
P
[
A
K4
gt
g
.
,m
ot
2l
A
7]
£
”

W & wearar v head,

74

. The helnwt of cham 1, the helmel comprising foxtures to constrain the allowably
displacenemt o rotational dHaplacenment along & single axis of roishion,

f. The hehoet of clatm 1, wharein the tterfaos laver bas a sphenical corvature, such that
3 13

the allowahle displacement somprives rotational displasorment fn v pharality ofanes of

rotation,
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poriphery of the holmel

ooy
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poo
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&%
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threshold foroe canse relativedy Targe divplocerenta,
v

331407

rthe interthes layer responds non-Hoesrly o tangentiad

ult i relatively siaadl

16, The helmet of slaim 1, wheraln the interfae fayer copywisss s hyperslaatic siracture,

17, The helmet of claim 18, whereln the hyper-clastic siroches comprisgs 2

formables gel,

19, The helmet of cladm 1, whorein the outer helmet lnyer comprines o Hrst snlid shell,

and the interface layer compriaes a svcond solid shell attached o the 1nng

fayer and in contaat with the frat solid shell, such that atlowed disrdacey

3

boetween the Hrst and sevond solid shells,

3

36, The helmet of clainy 18, Suther comprising a Tubricant diaposed betwee

sovond srlid shedln

sro
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1.

31, The belmet of claim 19, forther comprising a loast & thivd sohd shell sandwiched

x

betwean the Hrst and second solid shelly, such that sliowed displacenment oonurs

hetween the first snd hind solid shells and batweeen the second and third solid shells
2

22, The helmet of claim 1, wheretn the indorfice layver s aduptad to at least partiadly
dampen impact ensegy apphicd normsl 1o the surface of the outyy balmet layer,
233, The helmet of clatin 1, wheratn the outer balmet Tayver has g fropd fower surface

sapable of extending, during & forward displacament, to providy sdditional fotal

ot
<

profection 0 a wearsn

3

gin ol least one displacoment-inmprading sunber protrades

3

ayver from the nper o ey helmet layer, the at least one

;‘;

innto the fdorface

deplacement of the outey

ot

i
1.(;
’.’)'”

displacement-impoding membsr sebstantially impelss

~

helmiet layer with respest to the ey helmet laver, and Buils when o tanganstial jompast

foroe indicative of g crash IS appliod (o the puter helmel fayer,

28, The balmet of cladm 1, whersin the outer helost laver conyrises ¢ naaltfiaver lanvoste

X

23 structure, wherein the allowed digplavement inviudes relative displacernent between

adiacent laysrs of the maultlayer addnate strueture such that the aliowsed displacement

- X

can oo of multiply inderfioes within gl

X
N

he overall helmet structuse.

26, The helmet of olaim 25, whersin at loat one tyver of the mohilaver laninate strusture

& -

o

28 has the capability o alfow one portion of the at least ong layver o immslate in respomse

18
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A2, The methed of olaim 3, whereln the interface layer comprisss af least one cnnngcting
menther connecting the cuter and inper heboet lavers, wad whereln inclastioally

changing the interfaoe layer comprizes sovering the conngetion Bamed by the

v

,...4

33, The methed of olatony 30, wherein the nterface Tuver haw g substantially sphasie
survaturs, and whersin dlsplacing the owter helmet iy with rogpect o the mner
helmet layer comprises rotationally displacing the cuter halmet layer with respect o

the inner helmet layer,

34, The methed of slaim 30, wherein the inner bebmet {ayer compriens at least an enegy~

srmal impact Rwees

abyorbing sublayer, the maethed futher
applied o the outer helmet laysr over an oxtended ares of the tnner hebmet layver

shuring the displacement of the ouder laver,

oA heboet Comprisingg

fislroet zexembly having & Sest snergy-absorbing haver and a hebmat

an sy RS

rotontion system & socure the St oncrgy-absorhing layer 1o 8 weaver's head;

~

an outer hebudt aasonbly having x sevond snergy-absorbing Javern and

33

1

iy spheneal sunvaties

an interfacs layse deposad

betwesn the ner and ovter helmet asermblios, the interface Tayer allowing rtations]

~

sisplacement of the outer holrat assombly with respedt to the o bolmet assanbly

f’?

in response to & fangential fmpact fivce applied 1o the cuter helmet mesembly.
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36, The helmet of clainy 35, futher comprising at lnsat one conpecting elonent to atfach
the fnner aud puter bebnet assemblies and substantially Impede rotational

dsplaceroent hetseern the two assemblios wi] the helmet b sulyentesd @ v sigatiionnt

103
4

The helmst of clatm 35, further coraprising at least ong displacement-impeding
slement protroding fom sither the nner ov outr hedruet assembly into the suterface

Javer and aubstantially ingreding rolotional displacement between tha two sssemblisg

untti] the holowt s subloctod o signifioant rmpact fores.

Prk

an inner helvet sssombly having & feat enwrgy-abaorbing tayer and & helmsy

'

ensrgy-shyorbing laver v wearar’s bead;

v having & viged faver) and

R

art drerfses Inver disposed i s rogion of substantially spherival curvaturs

e

botween the ey and outer halmet assermblisg, the interfies laver allowng rotutionsl

e &3

“the owier helmet assembly with respent to the tnner helmel assombly

in respnnse fx 3 tangential tmpaat fores applind o the outty helmet assembly,
39, The helmet of olaim 38, fusther comprising at least one commecting elsment fo attach

the inner and suter belmet assemblies and substantially impede rotational
isplacement betwesn the two assemblies untif the helmet s sulvested o a significant

mpact foree
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48, The helmet of ¢laim 38

algnen mrotruding fos

¥
Y

two azscinhliss

layer ansd substantially impeding rotational displacement hetweosn the

it the hebmet iy subected t 2 signiBomd impaet Ry,
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BIOMECHANICS AWARE PROTECTIVE GEAR
CRrOSS-REFERENCE TO RELATED APPLICATIONS

[06001] This application claims priority to ULS. Provisional Patent Application No.
£1/510.,401, entitied SMART BIOMECHANICS AWARE ENERGY CONSCIOUS
PROTECTIVE GEAR WITH TISSUE PROTECTION, filed on July 21, 2011
{Attorney Docket No. BRGDPOGP), the entire disclosure of which is incorporated

herem by reference for all purposes.

TECHNICAL FIELD

(003027 The present disclosure relates to biomechanics aware protective gear.

DIESCRIPTION OF RELATED ARY

[6003] Protective gear such as sports and satety helmets are designed to reduce direct
impact forces that can mechanically damage an area of contact. Protective gear will
typically include padding and a protective shell to reduce the risk of physical head
mnjury. Liners are provided beneath a hardened exterior shell to reduce violent
deceleration of the head in a smooth uniform manner and 1n an extremely short

distance, as Hiner thickness is typically limited based on helmet size considerations.

[0004] Protective gear 1s reasonably effective in preventing injury, Nonetheless, the
ctfectiveness of protective gear remains limited. Consequently, various mechanisms

are provided to improve protective gear in a biomechanically aware manner.

BRGDPOOT i
Page 51 of 176



Brief Description of the Drawings

[6005] The disclosure may best be understood by reference to the following description
talcen in conjunction with the accompanying drawings, which illustrate particular
embodiments.

[06006] Figure 1 illustrates types of forces on axonal fibers,

[6007] Figure 2 ilhustrates one example of a piece of protective gear.

[6008] Figure 3 ilhustrates one example of a container device system.

[6009] Figure 4 ilhustrates another example of a container device system.

[6010] Figure 5 illustrates one example of a multiple shell system.

[6011] Figure 6 illustrates one example of a multiple shell helmet.

BRGDPOOT 2
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IDESCRIPTION OF EXAMPLE EMBODIMENTS

[3012] Reference will now be made 1 detail to some specitic examples of the
mvention including the best modes contemplated by the inventors for carrying out the
mvention. Examples of these specific embodiments are ilhustrated in the accompanying
drawings. While the tnvention is described in conjunction with these specific
embodiments, it will be understood that it s not intended to Tt the invention to the
described embodiments. On the contrary, it is intended to cover alternatives,
modifications, and equivalents as may be inchuded within the spirit and scope of the

nvention as defined by the appended claims.

[3013] For example, the techniques of the present tnvention will be deseribed 1o the
context of helmets. However, it should be noted that the techniques of the present
mvention apply to a wide variety of different pieces of protective gear. In the
following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. Particular example embodiments of
the present invention may be implemented without some or all of these specific details,
In other instances, well known process operations have not been described in detail in

order not to unnecessarily obscure the present invention.

[314] Various techniques and mechanisms of the present invention will sometimes be
deseribed in singular form for clarity. However, it should be noted that some
embodiments mclude multiple iterations of a technique or nwltiple instantiations of a
mechanism unless noted otherwise, For example, g protective device may use a single
strap in a variety of contexts. However, it will be appreciated that a systern can use
multiple straps while remaining within the scope of the present mvention unless
otherwise noted. Furthermore, the technigues and mechanisms of the present invention
will sometimes describe a connection between two entities. [t should be noted that a
connection between two entities does not necessarily mean a direct, unimpeded
connection, as a varicty of other entitics moay reside between the two entities. For
exampie, differont layers may be connected using a variety of materials. Consequently,
a cormection does not necessartly mean a direct, unimpeded connection unless

otherwise noted,

BRGDPOOT 3
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[0015] Overview

[06016] Protective gear includes an outer shell layer connected to a middie shell layer
through an outer encrgy and impact transformer layer. The middle shell layer is
connected to an inner shell layer through an inner energy and impact transformer layer.
The outer and inner energy and impact transformer layers flexibly connect the shell
fayers to absorb impact forces, rotational forces, shear forces, etc., and allow the
various shell Tayers to move and slide relative to the other shell layers. The outer and
mner energy and impact transformer lavers may be constructed using gels, fluids,
clectro-rheological elements, magneto-rheological clements, etc. The protective gear
may be formed as helmets or body protection for various activities and may be used to
protect users from not only irapact and penetrative forces, but rotational and shear

forces as well,

[0017} Example Embodimentis

[0018] Protective gear such as knee pads, shoulder pads, and helmets are typically
designed to prevent direct impact injuries or trauma. For example, many picces of
protective gear reduce full impact forces that can strocturally damage an area of contact
such as the skull or knee. Major emphasis is placed on reducing the hikelthood of
cracking or breaking of bone. However, the larger issue is preventing the tissue and
neurclogical damage caused by rotational forces, shear forces, oscillations, and

tenston/compression forces.

[0019] For head injuries, the major issue is neurological damage caused by oscillations
of the brain in the cranial vault resulting in coup-contracoup injuries manifested as
direct contusions to the central nervous system {CNS), shear injuries exacerbated by
rotational, tension, compression, and /or shear forces resulting in demyelination and
tearing of axonal fibers; and subdural or epidural hematomas.,  Because of the
emphasis 1o reducing the likelihood of cracking or breaking bone, many pieces of
protective gear do not sufficiently dampen, transform, dissipate, and/or distribute the
rotational, tension, compression, and/or shear forces, but rather focus on absorbing the
divect impact forces over a small arca, potentially exacerbating the secondary forces on

the CNS. Initial mechanical damage results in a secondary cascade of tissue and

BRGDPOOT 4
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cellular damage due to increased glutamate release or other trauma induced molecular

cascades,

[6020] Traumatic brain injury (TBI) has immense personal, societal and economic
impact. The Center for Disease Control and Prevention documented 1.4 nullion cases
of TBI in the USA in 2007, This number was based on patients with a loss of
consciousness from a TBI resulting in an Emergency Room visit, With increasing
public awareness of TBI this number increased to 1.7 million cases in 2010, Of these
cases there were 52,000 deaths and 275,000 hospitalizations, with the remaining 1.35
million cases released from the ER. Of these 1.35 million discharged cases at least
150,000 people will have signiticant residual cognitive and behavioral problems at 1-
year post discharge from the ER. Notably, the CDC believes these numbers under
represent the problem since many patients do not seck medical evaluation for brief loss
st consciousness due to a TBL These USA numbers are similar to those observed in
other developed countries and are likely higher in third-world countries with poorer
vehicle and head impact protection. To put the problem in a clearer perspective, the
World Health Organization (WHO) anticipates that TBI will become a lcading cause of
death and disability in the world by the year 2020.

[6021] The CDC mumbers do not inchude head injuries from military actions.
Traumatic brain injury is widely cited as the “signature injury” of Operation Enduring
Freedom and Operation Iragi Freedom. The nature of wartare conducted in Trag and
Afghanistan is ditferent from that of previcus wars and advances in protective gear
mcluding helmets as well as improved medical response times allow soldiers to survive
events such as head wounds and blast exposures that previously would have proven
fatal. The introduction of the Kevlar helmet has drastically reduced field deaths from
bullet and shrapnel wounds to the head. However, this increase in survival is paralleled
by a dramatic increase in residual brain injury from compression and rotational forces
to the brain in TBI survivors. Similar to that observed in the civilian population the
restdual effects of military deployment related TBI are neurobehavioral symptoms such
as cognitive deficits and emotional and somatic complaimts. The statistics provided by
the military cite an incidence of 6.2% ot head injuries in combat zone veterans, One

might expect these numbers to hold in other countries.

BRGDPOOT 3
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[0022] In addition to the incidence of TBI in civilians from {alls and vehicular
accidents or military personnel in combat there is increasing awareness that sports-
related repetitive forces applied to the head with or without true loss of consciousness
can have dire long-term consequences. 1t has been known since the 19207s that boxing
is associated with devastating long-term issues including “dementia pugilistica” and
Parkinson-like symptoms (i.e. Mohamuaed Aly). We now know that this repetitive force
on the brain dysfunction extends {o many other sports. Football leads the way in
concusstons with loss of consciousness and post-traumatic memory loss (63% ot all
concussions in all sports), wrestling comes in second at 10% and soccer has risen to 6%
of all sports related TBIs, In the USA 63,000 hugh school students suffer a TBI per
vear and many of these students have persistent long-term cognitive and behavioral
issues. This disturbing pattern extends to professional sports where impact forces to the
body and head are even higher due to the progressive increase in weight and speed of
professional athletes. Football has dominated the national discourse in the arca but
serious and progressive long-term neurological issues are also seen in hockey and
soccer players and 1 any sport with the likelihood of a TBL Repectitive head injuries
result in progressive neurclogical deterioration with neuropathological findings
mimicking Alzhcimer’s discase, This syndrome with characteristic post-mortem
neuropathological findings on increases in Tau proteins and amyloid plaques is referred

to as Chromie Traumatic Encephalopathy (CTE).

[(3023] The human brain is a relatively delicate organ weighing about 3 pounds and
having a consistency a little denser than gelatin and close to that of the liver. Froman
evolutionary perspective, the brain and the protective skull were not designed to
withstand significant external forces. Because of this poor impact resistance design,
external forees transmitted through the skull to the brain that is composed of over 100
billion cclis and up to a trillion connecting fibers results in major neurological
problems. These injuries inciude contusions that divectly destroy brain cells and tear

the critical connecting fibers necessary to transmit information between brain cells.

[(3024] Contusion injuries are simply bleeding into the substance of the brain due to
direct contact between the brain and the bony ridges of the fnside of the skull.
Unfortunately, the brain cannot folerate blood products and the presence ot blood kicks

off a biological cascade that further damages the brain. Contusions are due to the brain

BRGDPOOT 6
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oscillating mside the skull when an external force is applied. These oscillations can
imchide up to three cycles back and forth in the cranial vault and are referred to as coup-
contra coup injuries. The coup part of the process is the point of contact of the brain
with the skull and the contra-coup is the next point of contact when the brain oscillates

and strikes the opposite part of the inside of the skull.

[3257 The inside of the skull has 2 series of sharp bony ridges in the front ot the skull
and when the brain is banged against these ridges it is mechanically torn resulting ina
contusion. These contusion irjuries are typically in the frout of the brain damaging key

regions involved in cognitive and emotional control.

[0026] Shear injurics involve tearing of axonal fibers. The brain and its axonal fibers
are extremely sensitive to rotational forces. Boxers can withstand hundreds of punches
divectly in the face but a single round-house punch or upper cut where the force comes
in from the side or bottom of the jaw will cause acute rotation of the skull and brain and
typically a knock-out. If the rotational forces are severe enough, the result is tearing of

AX0NS.

(00271 Figure 1 below shows how different forces affect axons. Compression 101 and
tension 103 can remove the protective coating on an axon referred to as a myelin
sheath, The myelin can be viewed as the rubber coating on a wire, If the internal wire
of the axon is not cut the mivelin can re-grow and re-coat the “wire” which can resume
axonal function and brain communication. If rotational forces are significant, shear
forces 1035 tear the axon. This clevates the probler since the ends of cut axons do not
re-attach, This resulis in a permanent neurological deficit and is referred to as diffuse

axonal injury (DAL}, a major cause of long-term neurclogical disability after TBL

(0281 Some more modemn pieces of protective gear have been iniroduced with the
awareness that significant injuries besides muscuoloskeletal or flesh injuries in a variety

of activities require niew profective gear designs.

(00291 UK. Patent 7,076,811 issued to Puchalski describes a helmet with an impact
absorbing crumple or shear zone. "The shell consists of three (or more} discreie panels

that are physically and firmly coupled together providing rigid protection under most

BRGDPOOT 7
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circumstances, but upon impact the panels move relative to one another, but not relative
to the user's head, thereby permutting impact forces to be dissipated and/or redirected
away from the crantum and brain within, Upon irapact to the helmet, there are
sequential stages of movement of the panels relative to each other, these movements
mnitially being recoverable, but with sutficient vector forces the helmet undergoes
structural changes in a pre-determined fashion, so that the recoverable and permanent

movements cumitlatively provide a protective ‘crumple zone™ or “shear zone™."

[0030] UK. Patent 5,815,846 issued to Calonge deseribes "An impact resistant helet
assembly having a first material layer coupled to a second material layer so as to define
a gas chamber therebetween which contains a quantity that provides impact dampening
upon an tmpact force being applied to the helmet assembly. The helmet assembly
further includes a containment layer disposed over the second material layer and
structurad to define a thuid chamber im which a quantity of fhuid is disposed. The fluid
mcludes a generally viscous gel siructured to provide some resistance agaiust
disbursement from an impacted region of the fluid chamber to non-impacted regions of
the fluid chamber, thereby further enhance the impact distribution and dampening of

the impact force provided by the helmet assembly.”

[6031] U.S. Patent 5,956,777 issued to Popovich describes "A helmet for protecting a
head by laterally displacing impact forces, said helmet comprising: a rigid fnner shell
formed as a single unit; a resilient spacing layer disposed outside of and i contact with
said mner shell; and an articulated shell having a plurality of discrete rigid segments
disposed outside of and in contact with said resilient spacing layer and a plurality of

esihient raembers which couple adjacent ones of said nigid segments to one another”

(00327 UK, Patent 6,434,755 issued to Halstead describes a football helmet with Hiner
sections of different thicknesses and densities. The thicker, softer sections would
handle less intense impacts, crushing down until the thinner, harder sections take over

to prevent bottoming out.

[6033] 5t other ideas relate to using springs instead of crushable materials to manage
the cnergy of an timpact, Springs are typically associated with rebound, and energy

stored by the spring is returned to the head. This may help in some instances, but can
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still cause significant nevrslogical injury. Avoiding energy return to the head is a

reason that non-rebounding materials are typically used.

[0034] Some of the profective gear mechanisms are not sufficiently biomechanically
aware and are not sufticiently custornized for particular arcas of protection. These
protective gear mechanisms also are not sufficiently active at the right time scales to
avoid damage. For example, in many instances, materials like gels may only start to
convert signtficant energy into heat after significant energy has been transferred to the
brain, Similarly, structural deformation mechanisms may only break and absorb energy

after a significant amount of energy has been transferred to the brain.

[0035} Current mechanisms are useful for particular circumstances but are limited in
their ability to protect against mimerous types of neurological damage. Consequently,
an improved smart biomechanics aware and energy conscious protective gear
mechanism is provided to protoct against mechanical damage as well as neurological

damage.

(31361 According fo various embodiments, protective gear such as a helmet includes a
container device to provide a structural mechanism for holding an energy and impact
transformer. The design of this element could be a part of the smart energy conscious
biomechanics aware design for protection. The energy and impact transtormer includes
a mechanism for the dissipation, transformation, absorption, redirection or force/energy
at the right time scales {in some cases as small as & few mitliseconds or hundreds of

microscconds).

[06037] In particular embodiments, the container mechanism provides structure to allow
use of an energy and impact transformer. The container mechanism may be two or
three shells holding one or more layers of energy and impact transformer materials.
That is, a multiple shell structure may have energy and fmpact transformer materials
between adjacent shell layers. The shells may be designed to prevent direct penetration
from any intruding or impeding object. In some cxamples, the outer shell may be
associated with mechanisms for tmpact distribution, energy transformation, force

dampening, and shear deflection and transformation. In some examples, the container
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mechanism can be constructed of materials such as polycarbonate, fiberglass, Keviar,

metal, alloys, combinations of materials, etc.

[0038] According to various embodiments, the energy and timpact transformer provides
a mechanism for the dissipation, transformation, absorption, and redirection of force
and energy at the appropriate time scales. The encrgy and impact transformer may
inchude a variety of elements. In some examples, a mechanical transformer element
connects multiple shells associated with a container mechanism with mechanical
structures or thuids that help franstorm the impact or shear forces on an outer shell mto
more benign forces or energy instead of transferring the impact or shear forees onto an

inner shell.

[6039] In some examples, a mechanical transtformer layer is provided between each
pair of adjacent shells. The mechanical transform may use a shear truss-like structure
connecting an outer shell and an inner shell that dampens any force or impact. In some
examples, shear truss structure layers connect an outer shell to a middie shell and the
middie shell to an inner shell. According o various embodiments, the middie shell or
center shell may shide relative to the inner shell and reduce the roversent and/or impact
imparted on an outer shell. In particular embodiments, the outer shell may shide up to
several centimeters relative to the middle shell. In particular embodiments, the material
used for connecting the middie shell to the outer shell or the inner shell could be a
material that absorbs/dissipates mechanical energy as thermal energy or
transformational energy. The space between the outer shell, the middle shell, and the

mner shell can be filled with absorptive/dissipative material such as fhuds and gels.

[3407 According to various embodiments, the energy and impact transformer may also
melude an electro-rheological element. Different shells may be separated by an
clectro-rheological eloment with electric ficld dependent viscosity. The element may
essentially stay solid most of the ime. When there is siress/strain on an outer shell, the

clectric field is activated so that the viscosity changes depending on the level of

i

stress/strain. Shear forces on an inner shell are reduced to nuniroize impact

fransmission.
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[0041] In particular embodiments, the encrgy and impact transformer also includes a
magneto-rheological element.  Various shells may be separated by magneto
rheological clements with magnetic field dependent viscosity. The element may
essentially stay solid most of the time. When there is stress/strain on an outer shell, the
magnetic field is activated so that the viscosity changes depending on the level of
stress/strain, Shear forees on an mmer shell are reduced to mindmize tmpact

transmission.

[0042] Electro-rheological and magneto-rheological elements may include smart fluids
with properties that change in the presence of electric field or a magnetic field. Some
smart fluids undergo changes in viscosity when a magnetic field is applied. For
example, a smart fluid may change from a liguid to a gel when magnets hne up 0
create a magnetic field. Smart fluids may react within milliscconds to reduce impact

and shear forces between shells.

[3043] In other examples, foam and memory foam type elements may be mchuded to
absorb and distribute forces. In some examples, foam aud memory foam type elements
may reside beneath the inner shell. A moagnetic suspension element may be used to
actively or passively reducce external forces. An inner core and an outer core may be
separated by magnets that resist each other, e.g. N-poles opposing each other, The
imner and outer cores naturally would want to move apart, but are pulled together by
clastic materials. When an outer shell is impact and the magnets are pushed closer,

forees between the magnets increase through the air gap.

[(044} According to various embodiments, a concentric geodesic dome element
includes a series of inner shells, each of which is a truss based geodesic dome, but
connected to the outer geodesic through structural or fluidic mechanisms. This allows
cach geodesic structure to fully distribute its own shock load and transmititin a
uniform manner to the dome underneath. The sequence of geodesic structures and the
separation by fhad provides uniform force distribution and/or dissipation that protects

the inmer most shell from these impacts,

[0045] In particular embodiments, a fluid/accordion element would separate an inner

shell and an outer shell using an accordion with fluid/gel in between, This would allow
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shock from the outer core to be transmitted and distributed through the enclosed fhuid
unitormly while the accordion compresses to accommodate strain. A compressed
fluid/piston/spring eleraent could include piston/cyvlinder like clements with a
compressed fluid in between that absorbs the impact energy while increasing the
resistance to the applied force. The design could include additional mechanical

clements like a spring to absorb/dissipate the energy.

[00461 In still other examples, a fiber element mmvolves using a rippled outer shell with
texture like that of a coconut. The outer shell may contain dense coconut fiber hike
clements that separate the inner core from the outer core. The shock can be absorbed
by the outer core and the fibrous filling. Gther elements may also be included in an
inner core structure. In some examples, a thick stretchable gel filled bag wrapped
around the inner shell could expand and contract in different areas to instantancously
transfer and distribute forces. The combination of the clasticity of a bag and the

viscosity of the gel could provide for cushioning to absorb/dissipate external forces.

(00471 According to various embodiments, a container device includes multiple shells
such as an outer shell, a middle shell, and an mner shell. The shells may be separated
by encrgy and impact transformer mechanisms. In some examples, the shells and the
energy and impact transformer mechanisms can be integrated or a shell can also operate

as an energy and impact transformer.

[0048] Figure 2 itlustrates one example of a particular piece of protective gear. Helmet
201 includes a shell layer 211 and a bindng layer 213, The shell layer 211 includes
attachment points 215 for a visor, chin bar, face guard, face cage, or face protection
mechanism generally. In some examples, the shell layer 211 includes ridges 217 and/or
air holes for breathability. The shell layer 211 may be constructed using plastics,
resing, metal, composites, etc. In some instances, the shell layer 211 may be reinforced
using fibers such as aramids. The shell layer 211 helps to distribute mechanical energy
and prevent penetration. The shell layer 211 1s typically made using lighter weight

materials to prevent the helmet itself from causing injury.

[0049] According to various embaodiments, a chin strap 221 18 connected to the helmet

to secure helmet positioning. The shell layer 211 is also sometimes referred to as a
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container or a casing. In many examples, the shell layer 211 covers a lining layer 213.
The lining layer 213 may include lining materials, foam, and/or padding to absorb
mechanical energy and enhance fit. A lining laver 213 may be connected to the shell
fayer 211 using a variety of attachment mechanisms such as glue or Velere, According
to various embodiments, the lining layer 213 is pre-molded to alfow for enhanced fit
and protection. According to various embodiments, the lining layer may vary, ¢.g.
from 4num to 40mm in thickness, depending on the type of activity a helmet is designed
for. In some examples, custom foam may be injected into a fitted helmet to allow for
personalized fit. In other examples, differcutly sized shell layers and lining layers may

be provided for various activities and head sizes.

[0050] The shell layer 211 and lining layer 213 protect the skull nicely and have
resulted in a dramatic reduction in skull fractures and bleeding between the skull and
the brain (subdural and epidural hematomas). Military helmets use Kevlar to decrease
penetrating injuries from bullets, shrapnel ete. Unfortunately, these approaches are not
well designed to decrease direct forces and resultant coup-contra coup injuries that
result in both contusions and compression-tension axon injuries. Furthermore, many
helmets do not protect againsat rotational forces that are a core cause of a shear injury
and resultant long-term neurological disability in civilian and military personuch
Although the introduction of Kevlar in military helmets has decreased mortality from
penetrating head injuries, the survivors are often left with debilitating neurological

deficits due to contusions and diffuse axonal injury.

[3051] Figure 3 illustrates one example of a container device system. According to
various ernbodiments, protective gear includes multiple container devices 301 and 303,
In particular embodiments, the nuitiple container devices are loosely interconnected
shells holding an encrgy and impact transformer 305. The multiple container devices
may be multiple plastic and/or resin shells. In some examples, the containers devices
301 and 303 may be conmected only through the conergy and tropact transformer 305, In
sther examples, the container devices 301 and 303 may be loosely connected ina

manner supplementing the connection by the energy and impact transformer 305

[0052] According to various embodiments, the energy and impact transformer 305 may

use a shear truss-hike structure conmecting the container 301 and container 303 to
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dampen any force or impact. In some examples, the energy and impact transformer 305
allows the container 301 to move or slide with respect to container 303, In some
examples, up to several centimeters of relative movernent is allowed by the energy and

impact transformer 305,

[0053] In particular embodiments, the energy and impact transformer 305 could be a
material that absorbs/dissipates mechanical energy as thermal energy or
transformational energy and may inchude electro-theological, magneto-rheclogical,

foam, fluid, and/or gel materials,

[0054] Figure 4 dlustrates another example of a container device system. Container
401 encloses encrgy and impact transformer 403, In some examples, multiple
containers or multiple shells may not be necessary. The container may be constructed
using plastic and/or resin. And may cxpand or contract with the application of force.
The energy and impact transformer 403 may similarly expand or contract with the
application of force. The energy and impact transformer 403 may receive and convert

energy from physical impacts on a container 401,

[3055] Figure 5 illustrates one example of a multiple shell system. An outer shell 501,
a middle shell 503, and an 1oner shell 505 may hold energy and impact transformative
fayers 511 and 513 between them. Energy and impact transtormer layer 511 residing
between shells 501 and 503 may allow shell 501 to move and/or slide with respect to
middle shell 503, By allowing shiding movements that convert potential head rotational

forces into heat or transformation energy, shear forces can be significantly reduced.

[06056] Similarly, middle shell 503 can moove and slide with respect to inmer shell 505,
In some examples, the amount of movement and/or sliding depends on the viscosity of
fluid in the energy and impact transformer layers 511 and 513, The viscosity may
change depending on electric field or voltage applied. In some other examples, the
amount of movement and/or shiding depends on the materials and structures of

materials in the energy and impact transformer layers 511 and 513.

[00571 According to various embodiments, when g force is applied to an outer shell

501, energy is transferred to an inner shell 505 through a suspended middle shell 503.
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The middle shell 503 shears relative to the top shell 501 and inner sheli 505, In
particular embodiments, the energy and impact transformer layers S11 and S13 may
inchude thin clastomeric trusses between the shells in a comb structure. The encrgy and
tmpact transformer layers 511 and 513 may also inchude energy dampening/absorbing

fluids or devices.

[0G581 According to various embodiments, a number of different physical structures
can be used to form energy and impact transformer layers S11 and St3. In some
exarnples, energy and irapact transformer layer S inchudes a layer of upward or
downward facing three dimensional conical structures separating outer shell 501 and
middle shell 303, Energy and fmpact transformer layer 513 includes a layer of upward
or downward facing conical structures separating middle shell 503 and inner shell 505.
The conical structures in energy and impact transformer layer 511 and the conical
structures in energy and impact transformer fayer 513 may or may not be aligned. In
some examples, the conieal structures in layer 511 are misaligned with the conical

structures 1o laver 513 to allow for vmproved shear force reduction.

[00591 In some examples, conical structures are designed to have a particular elastic
range where the conical structures will return to the same structure after force applied is
removed. The conical structures may also be designed to have a particular plastic range
where the conical structure will permanently deform if sufficient rotational or shear
force 1s applied. The deformation iselt may dissipate encrgy but would necessitaie

replacement or repair of the protective gear.

[0060] Conical structures are effective in reducing shear, rotational, and impact forces
applied to an outer shell 501, Conical structures reduce shear and rotational forces
applied from a variety of different directions. According to various embodiments,
conical structures in energy and impact transformer layers 511 are directed outwards
with bases situated on middle shell 503 and inner shell 505 respectively. In some
examples, structares n the energy and impact transformer layer may be variations of
conical structures, including three dimensional pyraraid structures and three
dimensional parabolic structures. In still other examples, the structures may be

cylinders,
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[0061] Figure 6 illustrates one example of a multiple shell helmet. According to
varions embodiments, helmet 601 inclodes an outer shell layer 603, an outer energy and
impact transformer 603, a middle shell tayer 607, an inner energy and impact
transformer 609, and an inner shell layer 611, The helmet 601 may also include a
lining layer within the inner shell layer 611, In particular embodiments, the inner shell
tayer 611 includes attachment points 6135 for a chin strap for securing helmet 601, In
particular embodiments, the outer shell fayer 603 includes attachment points for a visor,
chin bar, face guard, face cage, and/or face protection mechanism 615 generally. In
some examples, the inner shell laver 611, middle shell layer 607, and outer shell layer
603 includes ridges 617 and/or air holes for breathability. The outer shell layer 603,
middle shell layer 607, and inner shell layer 611 may be constructed using plastics,
resing, metal, composites, etc. In some instances, the outer shell layer 603, middle shell
tayer 607, and mner shell layer 611 may be reinforced using fibers such as aranuds.
The energy and impact transformer layers 605 and 60% can help distribute mechanical

energy and shear forces so that less energy is imparted on the head.

[00621 According to various embodiments, a chin strap 621 is connected to the inner
shell layer 611 to secure helmet positioning. The various shell layers are also
sometiraes referred to as containers or casings. In many exaruples, the inner shell layer
611 covers g lining layer (not shown}. The lining layer may include lining materials,
foam, and/or padding to absorb mechanical energy and enhance fit. A lining layer may
be connected to the ner shell layer 611 using a variety of attachment mechanisms
such as glue or Velcro, According to various embodiments, the lining layer is pre-
maolded to allow for enhanced fit and protection. According to various embodiments,
the lining layer may vary, e.g. from 4mm to 40mm in thickness, depending on the tvpe
of activity a helmet is designed for. In some examples, custom foam may be injected
mto a fitted helmet to allow for personalized fit. In other examples, differently sized

shell layers and lining layers may be provided for various activities and head sizes.

[0063] The middle shell laver 607 may only be indirectly connected to the inner shell
tayer 611 through energy and impact transformer 609, In particular embodiments, the
middle shell laver 607 floats above inner shell layer 611, In other examples, the middle
shell fayer 607 may be loosely connected to the muer shell faver 611, In the same

manner, outer shell fayer 603 floats above middle shell layer 687 and may only be
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connected to the middie shell layer through energy and impact transformer 605, In
other examples, the outer shell layer 603 may be loosely and flexibly connected to
middle shell layer 607 and inner shell layer 611, The shell layers 603, 607, and 611
provide protection against penctrating forces while energy and impact transformer
fayers 605 and 609 provide protection against compression forces, shear forces,
rotational forces, ete. According to various embodiments, cnergy and impac
transformer layer 605 allows the outer shell 603 fo move relative to the middle shell
607 and the energy and impact transformer layer 609 allows the outer shell 603 and the
middle shell 607 to move relative to the inmer shell 611, Compression, shear, rotation,
impact, and/or other forces are absorbed, deflected, dissipated, cic., by the various

fayers.

[0064] According to various embodiments, the skull and brain are not only provided
with protection against skull fractures, penetrating injuries, subdural and epidural
hematomas, but also provided with some measure of protection against direct forces
and resultant coup-contra coup mjuries that result in both contusions and compression-
tension axon injuries. The skull is also protected against rotational forces that are a
core cause of a shear mjury and resultant long-term neurological disability in civilian

and military personnel.

[6065] In some examples, the energy and impact transformer layers 605 and 609 may
imchude passive, semi-active, and active dampers. According to various embodiments,
the outer shell 603, middle shell 607, and the inner shell 611 may vary in weight and
strength. In some examples, the outer shell 603 has significantly more weight, sirength,
and structural integrity than the middle shell 607 and the inmer shell 611, The outer
shell 603 may be used to prevent penetrating forces, and consequently may be

constructed using higher strength materials that may be more expensive or heavier.

[0066] Although the foregoing invention has been described in some detai] for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims. Therefore,
the present embodiments are to be considered as illustrative and not restrictive and the
mvention is not to be limited to the details given herein, but may be modified within the

scope and equivalents of the appended claims.
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CLAIMS

1. A helmet, comprising:

an outer shell layer;

a middle shell laver connected to the outer shell layer through an outer energy
and impact transformer layer, the outer energy and impact transformer layer operable to
absorb energy from mechanical forces mmparted onto the outer shell layer, wherein the
outer energy and impact transformer layer allows the outer shell layer to shde refative
to the middle shell layer;

an inner shell layver connected to the middle shell layver through an inuer energy
and mmpact fransformer laver, the inmer energy and impact transformer layer operable to
absorb energy from mechanical forces imparted onto the middle shell through the outer
shell and the outer energy and impact transformer layer, wherein the inner energy and
impact transformer layer allows the middie shell layer to shide relative to the inner shell
fayer.

2. The helmet of claim 1, wherein the outer shell layer is constructed using
higher strength material than the middle shell layer.

3. The helmet of claim 1, wherein the outer energy and impact fransformer
layer comprises a gel layer.

4. The helmet of claim 1, wherein the outer energy and impact transformer
layer comprises a fluid layer.

5. The helmet of claim 1, wherein the outer energy and tmpact transformer
layer comprises an electro-rheological element.

6. The helmet of claim 1, wherein the outer energy and impact transtormer
layer comprises a magneto-theological element.

7. The helmet of claim 1, wherein mechanical forces include impact forces,

8. The helmet of claim 1, wherein mechanical forces include rotational and
shear forces.

9. The helmet of claim 1, wherein a lining layer is connected to the inner shell
fayer, wherein the lining layer is configured to conform to a human head.

10. The helmet of claim 9, wherein the lining layer comprises foam.

11. Protective gear, comprising:

a middle shell layer connected to an outer shell layer through an outer energy

transtormer layer, the outer energy transformer laver operable to absorb encrgy from
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forces imparted onto the cuter shell layer, wherein the outer energy transformer fayer
allows the outer shell layer to shide relative to the middle shell layer;

an mner shell laver connected to the middie shell layer through an inner energy
transformer layer, the inner encrgy transformer layer operable to absorb energy from
forees imparted onto the middle shell through the outer shell and the outer energy
transformer layer, wherein the inner energy transformer layer allows the middie shell
layer fo slide relative to the inner shell layer.

12. The protective gear of claim 11, wherein the outer shell layer is constructed
using higher strength material than the middle shell layer.

13, The protective gear of claim 11, wherein the outer energy transformer laver
comprises a gel layer.

14. The protective gear of claim 11, wherein the outer energy transformer layer
comprises a fluid layer,

15. The protective gear of claim 11, wherein the outer encrgy transformer layer

comprises an electro-rheological element.

I
@

. The protective gear of claim 11, wherein the outer energy transformer layer

comprises a magueto-rheological element.

o

17. The protective gear of claim 11, wherein mechanical forces inchude impact
forees.

18. The protective gear of claim 11, wherein mechanical forces inchude
rotational and shear forces.

19. The protective gear of claim 11, wherein a lining layer is connected fo the
inner shell layer, wherein the hining layer is configured to conform to a human head.

20, The protective gear of claim 19, whercin the lining layer comprises foam.
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BIOMECHANICS AWARFE PROTECTIVE GEAR

ABSTRACT OF THE [JISCLOSURE

Protective gear includes an outer shell layer connected to a middle shell layer
through an outer encrgy and impact transformer layer. The middle shell layer is
connected to an inner shell layer through an inner energy and impact transformer layer.
The outer and inner energy and impact transformer layers flexibly connect the shell
layers to absorb impact forces, rotational forces, shear forces, etc., and allow the
various shell layers to move and shide relative to the other shell layers, The outer and
mner encrgy and impact transformer layers may be constructed using gels, fluids,
clectro-rheological elements, magneto-rheological clements, etc. The protective gear
may be formed as helmets or body protection for various activities and protect users

from not ondy impact and penetrative forces, but rotational and shear forces as well.
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Tension 103

Shearing Force 103

Figure 1
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Title

BIOMECHANICS AWARE PROTECTIVE GEAR
Preliminary Class

002

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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PCT/US2012/047662 05.10.2012

PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

To: AVERY KWAN
KWAN & OLYNICK LLP

OAKLAND, CA 94612

1300 CLAY STREET, STE. 600

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

(day/monthfyear) 0 5 0 CT 2012

Applicant’s or agent’s file reference

BRGDP0OO1WO

FOR FURTHER ACTION
See paragraph 2 below

International application No.

PCT/US2012/047662

International filing date (day/month/year) Priority date (day/month/year)
20 July 2012 21 July 2011

IPC(8) - A42B 3/00 (2012.01)
USPC - 2/425

International Patent Classification (IPC) or both national classification and IPC

Applicant KNIGHT, ROBERT

Box No. II Priority

OO0 XOOOK

2. FURTHER ACTION

1. This opinion contains indications relating to the following items:

Box No. 1 Basis of the opinion

Box No. III  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V. Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VI  Certain documents cited
Box No. VII Certain defects in the international application

Box No. VIII Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISAJUS
Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Date of completion of this opinion Authorized officer:

Blaine R. Copenheaver
19 September 2012
PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/237 (cover sheet) (July 2011)

Page 84 of 176




PCT/US2012/047662 05.10.2012

WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/047662
Box No. 1 Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

- 3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing filed or furnished:

a. (means)
D on paper

D in electronic form

b. (time)
D in the international application as filed
D together with the international application in electronic form

D subsequently to this Authority for the purposes of search

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/047662
Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
1. Statement
Novelty (N) Claims 1-20 YES
Claims None NO
Inventive step (IS) Claims None YES
Claims 1-20 NO
Industrial applicability (IA) Claims 1-20 YES
Claims None ’ NO

2. Citations and explanations:

Claims 1, 2, 4,7-9,11, 12, 14, 17-19 lack an inventive step under PCT Article 33(3) as being obvious over Johnson in view of Von Holst et
al. (hereafter Von Holst).

Regarding claim 1, Johnson discloses a helmet (Title and Abstract), comprising:

an outer shell layer (outer shell 12; Fig. 3; col. 3, Ins. 21-55);

a middle shell layer (primary shell 11) connected to the outer shell layer (12) through an outer energy and impact transformer layer (air gap
9; Fig. 3; col. 3, Ins. 21-55),

the outer energy and impact transformer layer (9) operable to absorb energy from mechanica! forces imparted onto the outer shell layer
(12; Fig. 3; col. 3, Ins. 21-55 regarding the shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as
the air gap 9 so as to allow the shells 11 and 12 to slide upon one another upon impact; col. 4, In. 31 — col. 5, In. 9 describes using the air
gap to help distribute forces between shells 11, 12),

wherein the outer energy and impact transformer layer (9) allows the outer shell layer (12) to slide relative to the middle shell layer (11;
Fig. 3; col. 3, Ins. 21-55 regarding The shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as the
air gap 9 so as to allow the shells 11 and 12 to slide upon one another upon impact);

an inner shell layer (inner liner 21) connected to the middle shell layer (11) through an inner energy and impact transformer layer (outer
liner 22; Fig. 3; col. 5, Ins. 20-51).

Johnson fails to explicitly disclose the inner energy and impact transformer layer operable to absorb energy from mechanical forces
imparted onto the middle shell through the outer shell and the outer energy and impact transformer layer,

wherein the inner energy and impact transformer layer allows the middle shell layer to slide relative to the inner shell layer.

Von Holst teaches of a protective helmet, comprising an inner energy and impact transformer layer (inner sliding layer 4) operable to
absorb energy from mechanical forces imparted onto a middle shell {intermediate shell 6) through an outer shell (2) and an outer energy
and impact transformer layer (outer sliding layer 4; Fig. 3b; col. 3, Ins. 29-45 describes the sliding layers 4, which absorb impact energy
between shell layers),

wherein the inner energy and impact transformer layer (inner sliding layer 4) allows the middle shell layer (intermediate shell 6) to slide
relative to the inner shell layer (inner sheil 3 including harder, thin outer layer 3”; Fig. 3b; col. 3, Ins. 29-45).

It would have been cbvious to one of skill in the art at the time of invention to mod:fy the invention of Johnson to include an inner
transformer layer as taught by Von Holst as this allows sliding between an inner and middle layer, thereby dispersing energy from an
impact to the helmet.

Regarding claim 2, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein the outer shell layer (12)
is constructed using higher strength material than the middle shell layer (11; Fig. 3; col. 4, Ins. 63 — col. 5, In. 9 describes how in an
extreme impact, the primary polycarbonate shell 11 will sever while the outer fiberglass shell 12 will be able to withstand repeated impacts;
this implies that the outer shell 12 uses a higher strength material than the primary shell 11).

Regarding claim 4, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein the outer energy and
impact transformer layer (9) comprises a fluid layer (air gap 9; Fig. 3 shows an air gap 9, air being a type of fluid; col. 3, Ins. 21-55).

Regarding claim 7, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein mechanical forces include
impact forces (col. 4, In. 31 — col. 5, In. 9 describes the impact forces that are placed on the helmet).

Regarding claim 8, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein mechanical forces include
rotational and shear forces (col. 4, In. 31 — col. 5, In. 9 describes the shearing action between shells 11, 12; as any impact to a helmet
would also cause it to rotate in some manner, rotationat forces are also involved).

Regarding claim 9, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein a lining layer
(fabric-covered fitting pad 15) is connected to the inner shell layer (21; Fig. 3), wherein the lining layer (15) is configured to conform to a
human head (col. 4, Ins. 3-30 regarding The fitting pad 15 encircles the wearer's head around the side and back of the head for closely
mating the head to the shell 11 by means of the resilient praperties of such a fitting pad).

Form PCT/ISA/237 (Box No. V) (July 2011) Page 86 of 176
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INTERNATIONAL SEARCHING AUTHORITY
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of?

Regarding claim 11, Johnson discloses protective gear (Title and Abstract), comprising:

a middte shell layer (primary shell 11) connected to an outer shell layer (outer shell 12) through an outer energy transformer layer (air gap
9; Fig. 3; col. 3, Ins. 21-55),

the outer energy transformer layer (9) operable to absorb energy from forces imparted onto the outer shell layer (12; Fig. 3; col. 3, Ins.
21-55 regarding the shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as the airgap 9 so as to
allow the shells 11 and 12 to slide upon one another upon impact; col. 4, In. 31 — col. 5, In. 9 describes using the air gap to help distribute
forces between shells 11, 12),

wherein the outer energy transformer layer (9) allows the outer shell layer (12) to slide relative to the middle shell tayer (11; Fig. 3; col. 3,
Ins. 21-55 regarding The shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as the air gap 9 so as
to allow the shells 11 and 12 to slide upon one another upon impact);

an inner sheli layer (inner liner 21) connected to the middle shell layer (11) through an inner energy transformer layer (outer liner 22; Fig. 3;
col. 5, Ins. 20-51).

Johnson fails to explicitly disclose the inner energy transformer layer operable to absorb energy from forces imparted onto the middle shell
through the outer shell and the outer energy transformer layer,

wherein the inner energy transformer layer allows the middle shell layer to slide relative to the inner shell layer.

Von Holst teaches of a protective helmet, comprising an inner energy transformer layer (inner sliding layer 4) operable to absorb energy
from mechanical forces imparted onto a middle shell (intermediate shell 6) through an outer shell (2) and an outer energy and impact
transformer layer (outer sliding layer 4; Fig. 3b; col. 3, Ins. 29-45 describes the sliding layers 4, which absorb impact energy between shell
layers),

wherein the inner energy transformer layer (inner sliding layer 4) allows a middle shell layer (intermediate shéll 6) to slide relative to an
inner shell layer (inner shell 3 including harder, thin outer layer 3"; Fig. 3b; col. 3, Ins. 29-45).

It would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson to include an inner
transformer layer as taught by Von Holst as this allows sliding between an inner and middle layer, thereby dispersing energy from an
impact to the helmet.

Regarding claim 12, see claim 2.
Regarding claim 14, see claim 4.

Regarding claims 17-19, see claims 7-9, respectively.

Claims 3, 10, 13, 20 lack an inventive step under PCT Article 33(3) as being obvious over Johnson in view of Von Holst et al. (hereafter
Von Holst) and in further view of Ferrara.

Regarding claim 3, Johnson as modified discloses the helmet of claim 1, but Johnson fails to explicitly disciose wherein the outer energy
and impact transformer layer comprises a gel layer.

Ferrara teaches of protective headgear, wherein an outer energy and impact transformer layer (middle layer 24 is the outermost
transformation layer between shells 20 and 28) comprises a gel layer (Fig. 2; para. 0030 describes the middle layer 24 made of a
compressible TPE material, which can be a soft gel as described in para. 0027).

It would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson as modified to include a gel
layer as taught by Ferrara as this type of material is able to absorb energy while being compressible in a manner that allows sliding
between two layers when the gel is used as an intermediary.

Regarding claim 10, Johnson as modified discloses the helmet of claim 9, but Johnson fails to explicitly disclose wherein the lining layer
comprises foam.

Ferrara teaches of protective headgear, wherein a lining layer (32) comprises foam (Fig. 2; para. 0032-0033).

it would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson as modified to include a
foam liner as taught by Ferrara as this is commonly used liner material in helmets due to its ability to mold to the shape of the wearer's
head.

Regarding claims 13 and 20, see claims 3 and 10, respectively.
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:

Claims 5, 6, 15, 16 lack an inventive step under PCT Article 33(3) as being obvious over Johnson in view of Von Holst et al. (hereafter Von
Holst) and in further view of Baker.

Regarding claims 5, 6, Johnson as modified discloses the helmet of claim 1, but Johnson fails to explicitly disclose [claim 5] wherein the
outer energy and impact transformer layer comprises an electro-rheological element; and,

[claim 6] wherein the outer energy and impact transformer layer comprises a magneto-rheological element.

However, Baker shows a helmet (210) with an inner and outer shell (Fig. 3; para. 0066) that uses a dashpot (230 in Fig. 3 and 330 in Fig.
8) which can be filled with a controllable rheological fluid such as a magneto-rheological (MR) fluid or an electro-rheological (ER) fluid
(para. 0070) to help reduce the impact of forces on the user’s head (para. 0068-0071).

It would have been obvious to one of ordinary skill in the art at the time the invention was made to include the use of either
elctro-rheological or magneto-rheological fluid between the inner and outer shells of the helmet, since selection of a known material on the
basis of its suitability for an intended use involves only routine skill in the art. The motivation for doing so would be to further control how
the shells move relative to each other during an impact.

It would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson as modified to include the
use of a rheological fluid with a helmet as taught by Baker as this type of fiuid can respond to specific conditions in order to help control the

forces inside of helmet during an impact.
Regarding claims 15 and 16, see claims 5 and 6, respectively.

Claims 1-20 meet the criteria set outin PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be
made or used in industry.
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: AVERY KWAN
KWAN & OLYNICK LLP
1300 CLAY STREET, STE. 600
OAKLAND, CA 94612

PCT

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

Date of mailing

(day/month/year) O 5 O C T 2 012

Applicant’s or agent’s file reference

BRGDPOO1WO FOR FURTHER ACTION  See paragraphs 1 and 4 below
International application No. International filing date
PCT/US2012/047662 (day/month/year) 20 July 2012

Applicant KNIGHT, ROBERT

1. ﬁ The applicant is hereby notified that the international search report and the written opinion of the International Searching

Authority have been established and are transmitted herewith.
Filing of amendments and statcment under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70

For more detailed instructions, see PCT Applicant’s Guide, International Phase, paragraphs 9.004 — 9.011.

2. D The applicant is hereby notified that no international search report will be established and that the declaration under

Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4, Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be cstablished. Following the expiration of 30 months from the
priority date, these comments will also be made available to the public.

Shortly afier the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for
international publication (Rules 90bis.1 and 90bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.

For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html and the
PCT Applicant’s Guide, National Chapters.

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US
Commissioner for Patents
P.Q. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
Telephone No. PCT OSP: 571-272-7774

Form PCT/ISA/220 (July 2010)
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PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Form PCT/ISA/220
BRGDP00O1WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/vear)
PCT/US2012/047662 20 July 2012 21 July 2011

RPN RoBERT

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of ;2—“ sheets.
D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report

a. With regard to thc language, the international search was carried out on the basis of:
the international application in the language in which it was filed.

I:I a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. I:I With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. D Certain claims were found unsearchable (see Box No. II).
3. I:] Unity of invention is lacking (see Box No. III).

4. With regard to the title,
E the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.

I:I the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. &
m as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.

D as selected by this Authority, because this figure better characterizes the invention.

b. D none of the figures is to be published with the abstract.

Form PCT/ISA/210 (first sheet) (July 2009)
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International application No.
PCT/US2012/047662

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A42B 3/00 (2012.01)
USPC - 2/425

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

USPC - 2/410, 411, 412, 413, 414, 425, 455

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A42B 3/00, 3/04, 3/06, 3/10, 3/12, 3/14; A63B 71/00, 71/08,

71/10 (2012.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

PatBase

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
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Disposition of Claims*
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7) X Claim(s) 1-20 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 7/20/12is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
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application from the International Bureau (PCT Rule 17.2(a)).
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1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
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The present application is being examined under the pre-AlA first to invent provisions.

DETAILED ACTION
Claim Rejections - 35 USC § 112

1. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

2. Claims 1-20 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlIA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the
invention. In claim 1, on lines 6-7 and in claim 11, on line 5 “the outer shell layer to slide
relative to the middle layer” and on lines 12-13 and in claim 11, on lines 9-10 “the middle layer
to side relative to the inner shell” is indefinite since it is unclear as to how the outer and inner
layers are able to slide relative to the middle layer while each is connected by a transformer

layer? Correction is required.

Allowable Subject Matter
3. Claims 1-20 would be allowable if rewritten or amended to overcome the rejection(s)
under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 2nd paragraph, set forth in this Office
action. Claims 1 and 11 with its respective dependents are allowable because the prior art does

not teach or suggest the recitation therein including a protective helmet having a middle layer
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connected to each of outer and inner shells by a transformer layer to absorb force of impact
therebetween that substantially slides and articulates relative to the outer and inner layers,

respectively.

Conclusion

4. The prior art made of record and not relied upon is considered pertinent to

Applicant’s disclosure.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tejash Patel whose telephone number is (571) 272-4993. The fax
phone number for this group is (571) 273-8300.

May 17, 2014 /Tejash Patel/
Primary Examiner
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In re application of: Robert T. Knight Atty Dkt No.: BRGDP0O1
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CERTIFICATE OF EFS-WEB TRANSMISSION
I hereby certify that this correspondence is being transmitted electronically
through EFS-WEB to Mail Stop Amendment, Commissioner for Patents, P.O.
Box 1450 Alexandria, VA 22313-1450 on June 9, 2014.

Signed: /Amber Lundy/
Amber Lundy
OFFICE ACTION RESPONSE

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Please consider the following remarks and arguments.

A Listing of the Claims begins on page 2.

Remarks/Arguments begin on page 6.
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CLAIMS:

1. (Currently Amended) A helmet, comprising:

an outer shell layer;

a middle shell layer connected to the outer shell layer through an outer energy and impact
transformer layer, the outer energy and impact transformer layer operable to absorb energy from
mechanical forces imparted onto the outer shell layer, wherein the outer energy and impact
transformer layer allows the outer shell layer to slide relative to the middle shell layer;

an inner shell layer connected to the middle shell layer through an inner energy and
impact transformer layer, the inner energy and impact transformer layer operable to absorb
energy from mechanical forces imparted onto the middle shell through the outer shell and the
outer energy and impact transformer layer, wherein the inner energy and impact transformer

layer allows the middle shell layer to slide relative to the inner shell layer, wherein the outer

energy and impact transformer layer and the inner energy and impact transformer layer comprise

a gel.

2. (Currently Amended) Fhe-helmet-of-elaimt—whereinthe-outershelHayeris

edusine hiche ensth-material thanthe-middle-shell dayerA helmet, comprising:

an outer shell layer:

a middle shell layver connected to the outer shell layer through an outer energy and impact

transformer laver, the outer energy and impact transformer layer operable to absorb energy from

mechanical forces imparted onto the outer shell layer, wherein the outer energy and impact

transformer laver allows the outer shell layer to slide relative to the middle shell layer:

an inner shell layer connected to the middle shell layer through an inner energy and

impact transformer layer, the inner energy and impact transformer layer operable to absorb

energy from mechanical forces imparted onto the middle shell through the outer shell and the

outer energy and impact transformer layer, wherein the inner energy and impact transformer

layer allows the middle shell layer to slide relative to the inner shell layer, wherein the outer

energy and impact transformer layer and the inner energy and impact transformer layer comprise

a fluid.

3. (Currently Amended) Fhehelmetofelaimt—whereinthe-otterenereyand-Hnpaet
transformertayercomprises-a-geHayer: A helmet, comprising:

an outer shell layer:

a middle shell layver connected to the outer shell layer through an outer energy and impact

transformer laver, the outer energy and impact transformer layer operable to absorb energy from
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mechanical forces imparted onto the outer shell layer, wherein the outer energy and impact

transformer laver allows the outer shell layer to slide relative to the middle shell layer:

an inner shell layer connected to the middle shell layer through an inner energy and

impact transformer layer, the inner energy and impact transformer layer operable to absorb

energy from mechanical forces imparted onto the middle shell through the outer shell and the

outer energy and impact transformer layer, wherein the inner energy and impact transformer

layer allows the middle shell laver to slide relative to the inner shell layer, wherein the outer

energy and impact transformer layer and the inner energy and impact transformer layer comprise

an electro-rheological element.

4. (Currently Amended) Fhe-helmet-of-elaimt—wherein-the-otterenersy-and-mpaet
transformerlayercomprises-aflaiddayer- A helmet, comprising:

an outer shell layer:

a middle shell laver connected to the outer shell layer through an outer energy and impact

transformer laver, the outer energy and impact transformer layer operable to absorb energy from

mechanical forces imparted onto the outer shell layer, wherein the outer energy and impact

transformer laver allows the outer shell layer to slide relative to the middle shell layer:

an inner shell layer connected to the middle shell layer through an inner energy and

impact transformer layer, the inner energy and impact transformer layer operable to absorb

energy from mechanical forces imparted onto the middle shell through the outer shell and the

outer energy and impact transformer layer, wherein the inner energy and impact transformer

layer allows the middle shell laver to slide relative to the inner shell layer, wherein the outer

energy and impact transformer layer and the inner energy and impact transformer layer comprise

an magneto-rheological element.

5. (Currently Amended) Fhe-helmet-of-elatmt—wherein-the-otterenersy-and-impaet
transformerlayer-comprises-an-eleetro-rheological-element—A helmet, comprising:

an outer shell layer:

a middle shell laver connected to the outer shell layer through an outer energy and impact

transformer laver, the outer energy and impact transformer layer operable to absorb energy from

mechanical forces imparted onto the outer shell layer, wherein the outer energy and impact

transformer laver allows the outer shell layer to slide relative to the middle shell layer:

an inner shell layer connected to the middle shell layer through an inner energy and

impact transformer layer, the inner energy and impact transformer layer operable to absorb

energy from mechanical forces imparted onto the middle shell through the outer shell and the

outer energy and impact transformer layer, wherein the inner energy and impact transformer
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layer allows the middle shell layer to slide relative to the inner shell layer, wherein the outer

energy and impact transformer layer and the inner energy and impact transformer layer comprise

a plurality of elastomeric trusses.

6. (Currently Amended)-The-helmetofclaim1-whereinthe-outerenergy-and-impaect
transformerlayercomprises-a-magneto-rheological-element.A helmet, comprising:

an outer shell layer:

a middle shell laver connected to the outer shell layer through an outer energy and impact

transformer laver, the outer energy and impact transformer layer operable to absorb energy from

mechanical forces imparted onto the outer shell layer, wherein the outer energy and impact

transformer laver includes means to allow the outer shell layer to slide relative to the middle

shell layer;

an inner shell layer connected to the middle shell layer through an inner energy and

impact transformer layer, the inner energy and impact transformer layer operable to absorb

energy from mechanical forces imparted onto the middle shell through the outer shell and the

outer energy and impact transformer layer, wherein the inner energy and impact transformer

layer includes means to allow the middle shell layer to slide relative to the inner shell layer.

7. (Currently Amended) The helmet of claim +6, wherein mechanical forces include
impact forces.

8. (Currently Amended) The helmet of claim +6, wherein mechanical forces include
rotational and shear forces.

9. (Currently Amended) The helmet of claim +6, wherein a lining layer is connected to
the inner shell layer, wherein the lining layer is configured to conform to a human head.

10. (Currently Amended) The helmet of claim +6, wherein the lining layer comprises
foam.

11. (Currently Amended) Protective gear, comprising:

a middle shell layer connected to an outer shell layer through an outer energy transformer
layer, the outer energy transformer layer operable to absorb energy from forces imparted onto the

outer shell layer, wherein the outer energy transformer layer includes means to allow alews-the

outer shell layer to slide relative to the middle shell layer;

an inner shell layer connected to the middle shell layer through an inner energy
transformer layer, the inner energy transformer layer operable to absorb energy from forces
imparted onto the middle shell through the outer shell and the outer energy transformer layer,

wherein the inner energy transformer layer includes means to allow allews-the middle shell layer

to slide relative to the inner shell layer.
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12. (Original) The protective gear of claim 11, wherein the outer shell layer is
constructed using higher strength material than the middle shell layer.

13. (Original) The protective gear of claim 11, wherein the outer energy transformer
layer comprises a gel layer.

14. (Original) The protective gear of claim 11, wherein the outer energy transformer
layer comprises a fluid layer.

15. (Original) The protective gear of claim 11, wherein the outer energy transformer
layer comprises an electro-rheological element.

16. (Original) The protective gear of claim 11, wherein the outer energy transformer
layer comprises a magneto-rheological element.

17. (Original) The protective gear of claim 11, wherein mechanical forces include impact
forces.

18. (Original) The protective gear of claim 11, wherein mechanical forces include
rotational and shear forces.

19. (Original) The protective gear of claim 11, wherein a lining layer is connected to the
inner shell layer, wherein the lining layer is configured to conform to a human head.

20. (Original) The protective gear of claim 19, wherein the lining layer comprises foam.
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REMARKS/ARGUMENTS

Claims 1-20 are pending. Claims 1-20 are rejected under 35 U.S.C. 112 as being
indefinite. Applicants gratefully acknowledge the phone conference with the Examiner on June
5, 2014. During the phone conference, Applicants and the Examiner discussed the nature of the
35 U.S.C. 112 rejection and possible amendments to overcome the rejection. Amendments have
been made in light of the phone conference. Independent claims 6 and 11 have been amended to
include means language as discussed during the phone conference. Dependent claims 7-10 and
12-20 are believed allowable in light of amendments to independent claims 6 and 11. Claims 1-5
have incorporated additional clarification aspects and are believed supported by the original

Claims, Drawings, and Specification, including paragraphs [0039], [0040], and [0057].

In light of the above remarks, it is believed that all claims are allowable over the
rejections provided. Should the Examiner believe that a telephone conference would expedite
the prosecution of this application, the undersigned can be reached using the contact information

provided below.

Please charge any additional fees or credit any overpayment to Deposit Account 50-6367

(BRGDP0O1).

Respectfully submitted,
/Audrey Kwan/

Avery Audrey Kwan
Reg. No. 46,850

Kwan & Olynick LLP
2000 Hearst Ave, Ste 305
Berkeley, CA 94709
510-900-9501 x705

alwan@kwamp.ocom
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Figure 6

middle shell layer through an outer energy and impact transformer layer. The
middle shell layer is connected to an inner shell layer through an inner energy
and impact transformer layer. The outer and inner energy and impact trans-
former layers flexibly connect the shell layers to absorb impact forces, rota-
tional forces, shear forcces, cte., and allow the various shell laycers to move and
slide relative to the other shell layers. The outer and inner energy and impact
transformer layers may be constructed using gels, fluids, eleetro-rheological
elements, magneto- theological elements, etc. The protective gear may be
formed as helmets or body protection for various activities and protect users
[rom not ouly impact and penetrative [orces, but rotational and shear [orees as
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BIOMECHANICS AWARE PROTECTIVE GEAR
CROSS-REFERENCE TO RELATEDR APPLICATIONS

[0001] This application clatms the benetit of priority to U8, Patent Applcation
No. 13/554,471, entitled "BIOMECHADNICS AWARE PROTECTIVE GEAR™,
filed on even date herewith {(Attormey Docket No. BRGDPO01), which claims
the beonefit of priority under 35 U.S.C. § 119{e) to U S, Provisional Patent
Application No. 61/510,401, entitled “SMART BIOMECHANICS AWARE
ENERGY CONSCIOUS PROTECTIVE GEAR WITII TISSUE
PROTECTION”, filed on July 21, 2011 (Attorney Docket No, BRGDPOOTR),

both of which are incorpuorated by refereace herein i their entireties.

TECHNICAL FIFLD

(0002} The present disclosure relates to biomechanics aware protective gear.

DESCRIPTION OF RELATED ART

[0003] Protective gear such as sports and safety helmets are designed to reduce
direct mmpact forces that can mechanically damage an arca of contact. Protective
gear will typically inchide padding and a protective shell to reduce the visk of
physical head injury. Liners are provided beneath a bardened exterior shell to
echuce violent deceleration of the head v a smooth uniforre manoer and 1o an
exiremely short distance, as liner thickness is typically tmited based on helmmet

size constderations.

[0004] Protective gear is reasonably effective in preventing injury. Nonetheless,
the effectiveness of protective gear remains limited. Consequently, various
mechanisms are provided to tuprove protective gear in a biomechanically aware

Manney.
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Briet Description of the Drawings
L0005] The disclosure may best be understood by reference to the following
description taken in conjunction with the accompanying drawings, which

illustrate particular cmabodiments.

Lh

[0006] Figure 1 iHusirates types of forces on axonal fibers,

(0007} Figure 2 iHlusirates one example of a piece of protective gear.
LO008] Figure 3 iHustrates one example of a contamer device system,
[0009] Figure 4 llustrates another example of a container device system.
[0010] Figure § iHustrates one example of a mulbtiple shell system.

10 [0011Y Figure 6 illusirates one example of a multiple shell helmet.
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IJESCRIPTION OF EXAMPLE EMBODIMENTS

(0012} Reference will now be made in detail to some specific examples of the
mvention ncluding the best modces contemplated by the inventors for carrying
out the invention. Examples of these specific embodiments are illustrated in the
accompanying drawings. While the invention is described in conjunction with
these specific embodiments, it will be understood that it is not intended to limit
the inveniion o the deseribed embodimenis. On the contrary, it is intended o
cover alternatives, modifications, and equivalents as may be inchided within the

spirit and scope of the invention as defined by the appended claims.

(301371 For example, the technigues of the present invention will be described 1n
the context of helmets. However, it should be noted that the techniques of the
present invention apply to 8 wide variety of different pieces of protective geur.
In the following description, numerous apecitic details are set forth in order to
provide a thorough understanding of the present invention. Particular example
embodiments of the present invention may be mmplemented without some or all
of these specific details. In other instances, well known process operations have
nol been described in detail in order not to unnecessarily obscure the present

invention.

[0014] Various techiiques and roechanisms of the present invention will
somnetimes be described in singular form for clarity. {lowever, it should be noted
that some embodiments inchude multiple iterations of a technique or nwltiple
istantiations of a mechanism uoless noted otherwise. For exampie, a protective
device may use a single strap in a vanety of contexts. However, it will be
appreciated that a system can use multiple straps while remaining within the
scope of the present invention unless otherwise noted. Furthermore, the
technigues and mechanisms of the present invention will sometimes describe a
connection between two entities. Tt should be aoted that a connection between
two entities does not necessarily mean a direct, urimpeded connection, as a
variety of other entities may reside between the two entities. For example,

different layers may be connected using a variety of materials. Consequently, a
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connection does not necessarily mean a divect, unimpeded conneciion unless

otherwise noted.

[0015] Overview

[0016] Protective gear inciudes an outer shell layer connected to a middie shell
fayer through an outer energy and impact transformer layer. The middle shell
fayer is compected (o an inner shell layer through an inner energy and impact
transformer laver. The outer and irmer encrgy and impact transformcer fayers
flexibly connect the shell Iavers to absorb impact forces, rotational forces, shear
forces, etc., and allow the varicus shell layers 1o move and slide relative to the
other shell layers. The outer and inner energy and impact transformer layers
may be consiructed using gels, (uids, electro-rheological elements, magneio-

rheclogical elements, ete. The protective gear may be formed as helmets or

&=

body protection for various activities and ray be used to protect users from no

only impact and penetrative forces, but rotational and shear forces as well.
[O017] Example Embodiments

[0018] Protective gear such as knee pads, shoulder pads, and helmets are
typically designed lo prevent direct impact injuries or (rauma. For example,
many pieces of protective gear reduce full iropact forces that can structurally
damage an arca of contact such as the skull or knee. Major emphasis is placee
on reducing the likelihood of cracking or breaking of bone. However, the larger
issue is proventing the tissue and nourological damage caused by rotational

forces, shear forces, oscillations, and tension/compression forees.

[3019] For head injuries, the major issue is neurclogical damage caused by
oscillations of the brain in the cranial vault resulting in coup-contracoup injurics
manifested as direct contusions to the central nervous system (CNS), shear
injuries exacerbated by rotational, teosion, compression, and /or shear forces
resulting m demyelination and tearing of axonal fibers; and subdural or epidural
hematomas. Because of the emphasis in reducing the likelihood of cracking or

breaking bone, many picces of protective gear do not sufficiently dampen,
o 2 -
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ransform, dissipate, and/ory disiribute the rotational, lension, compression,
and/or shear forces, but rather focus on absorbing the divect iropact forces over a
small area, potentially exacerbating the secondary forces on the CNS. Initial
mechanical damage resulis in a sccondary cascade of tissue and cellular damage

due to increased glutamate release or other trauma induced molecular cascades.

[0020] Traumatic brain njury (TBI) has yomense personal, societal and
economic impact. The Center for Disease Control and Prevention docamented
1.4 million cases of TBI in the USA in 2007, This number was based on patients
with a loss of consciousness from a TBI resulting in an Emergency Room visit,
With inereasing public awareness of TBI this number ioereased to 1.7 million
cases 1n 2010, Of these cases there were 52 000 deaths and 275,000
hospitalizations, with the remaining 1.35 million cascs released from the ER. Of
these 1.35 pullion discharged cases at least 150,000 people will have significant
residual cognitive and behavioral problems at 1-year post discharge from the ER.
MNotably, the CDC belioves these numbers under represent the problem since
many patients do not veek medical evaluation [or brief loss of consciousness due
to & T These USA numbers are symilar to those observed m other developed
countries and are likely higher in third-world countries with poorer vehicle and
head impact protection. To put the problem in a cleaver perspective, the World
Health Organization (WHO) anticipates that TBI will become a leading cause of

death and disability in the world by the vear 2020.

[0021] The CDC numbers do not inclode head injuries from military actions,
Traumatic brain injury is widely cited as the “signature injury” of Operation
Enduring Freedom and Operation Iraqi Freedom. The nature of warfare
conducted i fraq and Afghanistan is different from that of previous wars and
advances in protective gear including helmets as well as improved medical
response times allow soldiers to survive events such as head wounds and blast
exposures that previously would have proven fatal. The introduction of the
Kevlar helmet has drastically reduced field deaths from bullet and shrapnel
wounds to the head. However, this increase in survival is paralleled by a
dramatic increase in residual brain injury from comopression and rotational forces

to the bram in TBI survivors. Similar {o that observed in the civilian popuiation
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the residual ellecls of military deployment related TBI are neurobehavioral
symptoms such as cognitive deficits and crootional and somatic complaints. The
statistics provided by the military cite an incidence of 6.2% of head injuries in
combat zone veterans. One might expect these numbers {o hold in other

countries.

(30227 In addition (o the meidence of TBY i civilians fom [alls and vehicular
accidents or military personnel in combat there 1s increasing awareness that
sports-related repetitive forces applied 1o the head with or without true loss of
consciousness can have dive long-ferm conseguences. It has been known since
the 1920°s that boxing 1s associated with devastating Jong-term issues including
“dementia pugilistica” and Parkinson-like symptoms (i.e. Mohammed Ali}. We
now know that this repetitive foree on the brain dysfunction extends to many
other sports. Football leads the way in concussions with loss of consciousness
and posi-traumatic memory loss (63% of ali concussions in all sports), wrestling
comes in second at 10% and soccer has risen to 6% of all sporis related TBIs. In
the LISA 63,000 high school students suller a TBE per year and many of these
students have persistent long-term cognitive and behavioral 1ssues. Ths
disturbing pattern extends to professional sports where impact forces to the body
and head are even higher due fo the progressive increase in weight and speed of
professional athletes. Football has dominated the national discourse m the area
bt serious and progressive long-lerm neurclogical 1ssues are also seen in hockey
and soccer players and m any sport with the likelihood of a TBL. Repetitive head
injuries result in progressive neurclogical deterioration with neuropathological
findings numicking Alzheimer’s disease. This syndrome with characteristic post-
mortem neuropathological findings on increases in Tau proteins and amyloid

plagues is referred to as Chronic Traumatic Encephalopathy (CTE).

[3023] The buman brain is a relatively delicate organ weighing about 3 pounds
and having a consistency a little denser than gelatin and close 1o that of the liver.
From an evolutionary perspective, the brain and the protective skuall were not
designed to withstand significant exiernal forces. Because of this poor impact
resistance design, external forces transmitted through the skull to the brain that is

composed of aver 100 bithon cells and up to a trillion connecting fibers results
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i major neurclogical problems. These fnjuries include contusions that directly
destroy brain cells and tear the eritical connecting fibera necessary to transmit

information between brain cells.

(0024} Contusion injuries are simply bleeding into the substance of the brain due

5 to direct contact between the brain and the bony ridges of the inside of the skull
Unflortunately, the brain cannot tolerate blood producis and the presence of
blood kicks off a biological cascade that {urther damages the brain. Contusions
are due to the brain oscillating inside the skull when an external force is applied.
These oscillations can include up to three cycles back and forth i the cranial

10 vault and are referred to as coup-contra coup injuries. The coup part of the

process 1s the point of contact of the brain with the skull and the conira-coup is
the next point of contact when the brain oscillatos and strilees the opposite part of

the mnside of the skuil

(00257 The mnside of the skull has a sertes of sharp bony ridges i the front of the
15 skull and when the brain is banged against these ridges it is mechanically torn
resulting in a contusion. These contusion njuries are typically in the front of the

brain damaging key regions mvolved in cognitive and emotional control.

[0026] Shear injuries mvolve tearing of axonal fibers. The brain and its axonal
fibers are extremely sensitive to rotational forces. Boxers can withstand

20 huandreds of punches directly in the face but a single round-bouse punch or upper
cut where the force comes in from the side or bottom of the jaw will cause acute
rotation of the skull and brain and typically a knock-out. If the rotational forces

are severe encugh, the result is tearing of axons.

[0027] Figure 1 below shows how different forces affect axons. Compression

(9]

101 and tenstion 103 can remove the protecitve coating on an axon referced 1o as

S
¢

a myelin sheath. The myelin can be viswed as the rubber costing on a wire, I
the nternal wire of the axon 1s not cut the myelin can re-grow and re-coat the
“wire” which can resume axonal function and brain comnumication. if

rotational forces are significant, shear forces 1035 tear the axon. This elevates the

(o8}
ol

problem since the ends of cut axons do not re-attach. This results in a permanent
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neurolagical deficit and is referred 1o as diffuse axonal inpury (DA, & major

cause of long-torm neurological disability afier TBL

[0028] Some more moodern pieces of protective gear have been introduced with
the awareness that signiiicant njuries besides musculoskeletal or flesh injuries in

5 awvariety of activities require new protective gear desigos.

(00297 ULS. Patent 7,076,811 issued to Puchalski describes a helboet with an
impact absorbing crumplc or shear zone., "The shell consists of three (or more)
discrete panels that are physically and firmiy coupled together providing rigid
protection under most circumstances, but upon impact the paneis move relative

10 to one another, but not relative to the user's head, thereby permiting impact
{orees to be dissipated and/or redivected away [rom the cranium and brain
within. Upon impact to the helmet, there are sequential stuges of movement of
the panels relative to cach other, these movements initially being recoverable,
but with sufficient vector forces the hebmet undergoes structural changes ina

15 pre-determined fashion, so that the recoverable and permanent movements
cumnulatively provide a protective "crumple zone' or “shear zone™."
(00307 ULS. Patent 5,815,846 1ssued to Calonge describes "Axn tmpact vesistant
helmet assembly having a first matenial layer coupled to a second material layer
so as to define a gas chamber therebetween which contains a quantity that

20 provides impact dampeniog upon an iropact force being applied o the hebuoet
assembly. The helmet assembly further includes a contamment Jayer disposed
over the second material layer and structured to define a fhud chamber in which
a quantity of fluid is disposed. The fluid includes a generally viscous gel

structured to provide some resistance against disbursement from an mmpacted

o
i

region of the fluid charober to non-tmpacted regions of the fluid chamber,
thereby furiher enbance the impact distribution and dampening of the impact

force provided by the helmet assembly”

(00317 ULS, Patent 5,956,777 issued to Popovich describes "A helmet for

protecting a head by laterally displacing tropact forces, said belmet comprisiog: a

(o8}
ol

rigid inmer shell formed as a single vty a resiliont spacing fayer disposed
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outside of and in contact wilh said mner shell; and an articulated shell having a
plurality of discrete nigid scgmoents disposed cutside of and m contact with said
resilient spacing laver and a plorality of resihient members which couple adjacent

ones of said rigid scgments to one another.”

5 (00327 U.S. Patent 6,434,755 issued to Halstead describes a football helmet with
lner sections of diferent thicknesses and densities. The thicker, softer sections
would handle less infense tmpacts, crushing down until the thinner, harder

sections take over to prevent bottoming out.

[0033] St1ill other ideas relate 1o using springs instead of crushable materials to
10 manage the energy of an iropact. Springs are typically associated with rebound,

and energy stored by the spring is returned to the head. This ay help in some

instances, but can sull cause significant neurological imjury. Avoiding energy

return to the head is a reason that non-rebounding materials are typically used.

[0034] Some of the protective gear mechanisms are not sufficiently

—
(¥]

biomechanically aware and are not sufficiently customized for particular areas of
protection. These protective gear mechanisims also are not sulliciently active at
the right tooe scales to avoid damnage. For exarople, in many instances, materials
fikee gels tnay only start to convert significant energy inlo heat after significant
energy has been transferred to the brain. Similarly, structural deformation

20 mechaonisms may ooly break and absorb energy after a significant amount of

gy has been transferred to the brain.

(00351 Current mechanisms are useful for particular circumstances but are
limited in their ability to protect against numerous types of neurclogical damage.

Conscguently, an improved smart biomechanics aware and encrgy consciou

(Il

(9]

protective gear mechanism is provided to protect against mechanical damage as

S
¢

well as neurological damage.
[0036] According to various embodiments, protective gear such as a helmet

inchides a container device to provide a structural mechanism for holding an

encrgy and ropact transformer. The design of this element could be a part of the
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smart epergy conscious biomechanics aware design for protection. The energy
and tropact ransformer includes a mechanism for the dissipation, transformation,
absorption, redirection or force/energy at the right time scales (in some cases ag

small as a few milliscconds or hundreds of microseconds).

5 {00377 in particular embodiments, the container mechanism provides structure to
allow use of an energy and impact ansformer. The container mechanism may
be two or three shells holding one or more layers of energy and impact
transformer materials. That is, a multiple shell structure may have energy and
impact transtormer materials between adjacent shell layers. The shells may be

10 designed to prevent direct penetration from any intruding or impeding object. In
some examples, the outer shell may be associated with mechanisims for impact
distribution, cncrgy transformation, foree dampening, and shoar deficction and
transformation. In some examples, the container rnechamsm can be constructed
of materials such as polycarbonate, fiberglass, Kevlar, metal, alloys,

15 combinations of materials, etc.

(0038} According to various embodiments, the energy and impact trans[ormer
provides a mechanism for the dissipation, transformatuon, absorption, and
redirection of force and energy al the appropriate time scales. The energy and
impact transformer may include a varicty of clements. In some cxamples, a

20 mechanical transformer element connects multiple shells associated with a
coniainer roechamso with ipechanical strucitures or Juids that belp transfonn the
impact or shear forces on an outer shell into more benign forces or energy

instead of transferring the tmpact or shear forces onto an inner shell.

100391 In some examples, a mechanical transformer fayer is provided between

o
i

each pair of adjacent shells. The mechanical transformo may use a shear truss-
like structure comnecting an ouler shell and an inner shell that dampens any foree
or mpact. In some examples, shear truss structure layers connect an outer shell
to a middie shell and the middle shell to an inner shell. According to various
embodiments, the middle shell or center shell may shide relative to the inner shell
30 and reduce the movement and/or impact imparted on an outer shell. In particular

embodiments, the cuter shell may shide up to several centimeters relative to the
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middle shell In particular embodiments, the material used for connecling the
middle shell to the outer shell or the inner shell could be a materal that
absorbs/disstpates mechanical energy as thermal energy or transformational
encrgy. The space between the outer shell, the middle shell, and the inner shell

5  can be filled with absorptive/dissipative material such as fluids and gels.

(040} According to various embodiments, the energy and impact trans{ormer
may also mclude an electro-rheological element. Ditferent shells may be
separsted by an electro-rheological element with electric ficld dependent
vigcostty., The element may essentially stay solid most of the timme. When there
10 is stress/strain on an outer shell, the electric field is activated so that the viscosity
changes depending on the level of stresy/strain. Shear forces on an mner shell

arc reduced (o minimize npact transmission.

[0041] In particular embodiments, the energy and impact transformer also
inchides a magneto-rheological element.  Various shells may be separated by
15 magneto rtheological elements with magnetic field dependent Vi,sc()sity. The
clement may esseniially siay solid mosi of the time. When there is siress/strain
on an outer shell, the magnetic field 1s activated so that the viscosity changes
depending on the level of siress/strain. Shear forces on an inner shell are

reduced to minimize impact transmission.

20 [0042] Electro-rheological and magneto-theological elements may include smart
fluids with properties that change m the presence of electric field or a magnetic
field. Some smart fluids undergo changes in viscostty when a magnetic field is
applied. For example, a smart fluid may change from a hquid to a gel when

magnets Hine up to create a magocetic feld. Smart fluids may react within

o
i

mifliseconds to reduce impact and shear forces between shells.

[(3043] In other examples, foam and memory foam type elements may be
included to absorb and distribute forces. In some examples, foam and memory
foam type elements may reside beneath the fnner shell. A magnetic suspension

clernent may be used to actively or passively reduce external forces. Andinner

(o8}
ol

core and an outer core may be separated by magnets that vesist each other, e.g.
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N-poles opposiog each other. The foner and outer cores naturally would want o
move apart, but are pulled together by clastic materials. When an outer shell 1s
impact and the magnets are pushed closer, furces between the magneis increase

through the air gap.

5 (00447 According to various embodiments, a concentric geodesic dome element
meludes a series of inner shells, each of which i3 a truss based geodesic dome,
but connected to the outer geodesic through structural or thudic mechanisms.
This allows each geodesic structure to fully distribute its own shock load and
transmit i 1o a uniform manner to the dome underneath. The sequence of

10 geodesic structures and the separation by fluid provides uniform foree
distribution and/or dissipation that protects the inner most shell from these

impacts,

[0045] in particular embodiments, a fluid/accordion element would separate an
inmer shell and an cuter shell nsing an accordion with fluid/gel in between. This
15 would allow shock from the outer core to be transmitted and distributed through
the enclosed fluid wniformiy while the accordion compresses o accomnmodaie
strain. A compressed flud/piston/spring element could include piston/cvlinder
like elements with a compressed [Juid in between that absorbs the impact energy
while increasing the resistance to the applied force. The design could inchude

20 additional mechanical elements like a spring to absorb/dissipate the energy.

[0046] In sull other examples, a fiber clement involves using a nippled outer
shell with textore like that of a coconut. The outer shell may contain dense
coconut fiber like elements that separate the irmer core from the outer core. The

shock can be absorbed by the outer core and the fbrous filling. Other eloments

o
i

may also be included in an nner core structure. In some examples, a thick
siretchable gel filled bag wrapped around the 1nper shell could expand and
contract i different areas to instantancousiy transfer and disiribute forces. the
corabination of the clasticity of a bag and the viscosity of the gel could provide

for cushionmg to absorb/dissipate external forces.
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[0047] According (o various emmbodiments, a container device includes multiple
shells such as an outer shell, a middlce shell, and an inner shell, The sholls may
be separated by energy and impact ransformer mechanisms. In some examples,
the shells and the energy and impact transformer mechanisms can be integrated

5 or ashell can also operate as an energy and tmpact transformer.,

(00487 Figure 2 lusiraies one example of a particular piece of proteclive gear,
Helmet 201 includes a shell layer 211 and a hining layer 213. The shell layer 211
includes attachment points 215 for a visor, chin bar, face guard, face cage, or
face protection mechanism geserally, 1u somwe examples, the shell layver 211

10 includes nidges 217 and/or air boles for breathability., The shell layer 211 may
be construcied using plastics, resins, metal, composites, elc. In some nstances,
the shell layer 211 may be reinforeed using fibers such as aramids. The shell
layer 211 helps to distribute mechamcal energy and prevent pencetration. The
shell laver 211 is typically made using hghter weight materials to prevent the

15 helmet itself from causing injury.

[0049] According to variovus embodiments, a chin strap 221 is connected io the
helmet to secure belmet posiioning. The shell laver 211 s also sometimes
referred o as a container or a casing. In many examples, the shell layer 211
covers a lining layer 213, The lning fayer 213 may include lining matenials,

20 foam, and/or padding to absorb mechanical energy and enhance fit. A lining
fayer 213 may be coonecied 1o the shell laver 211 using a variety of altachruent
mechanisms such as glue or Veloro. According to various embodiments, the
lining layer 213 is pre-molded to allow for enhanced fit and protection.

According to varous ernbodiments, the lining layer may vary, e.g. from 4nwun to

[N
(¥

40mm in thickness, depending on the type of activity a helmet is designed for.
In some examples, custom foam may be injocted into a fitted helmet to allow for
personalized fit. in other examples, differently sized shell layers and Loing

favers may be provided for various activities and head sizes.
[0030] The shell laver 211 and hindog layer 213 protect the skull nicely and have

30 resulted in a dramatic reduction in skull fractures and bleeding between the skull

and the brain (subdural and epidural hematomas). Military helmets use Kevlar to
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decrease penetrating fojuries fom bullets, shrapoel ete. Unfortunately, these
approachces are not well designed to decrease divect forces and resultant coup-
contra coup injuries that result in both contusions and compression-tension axon
injuries. Furthermore, many helmets do not protect against rofational forces that
5 are a core cause of a shear injury and vesultant long-term neurological disability
in ctvilinn and pulitary personnel. Although the introduction of Keviar in
military helmots has deercased mortality from penctrating head inuries, the
survivors are often left with debilitating neurological deficits due to contusions

and diffuse axonal injory.

10 [0051] Figure 3 iHustrates one example of a container device system. According
to various embodiments, protective gear includes multiple container devices 301
and 303, In particular embodiments, the multiple container deviecs arc looscly
mterconnectied shells holding an energy and wmpact transformer 303, The
multiple contamner devices may be multiple plastic and/or resin shells. In some

15 examples, the containers devices 301 and 33 may be connected only through
the energy and impact ransformer 305, In other examples, (he container devices
301 and 303 mway be loosely conmected in a manner sapplementing the

connection by the energy and impact transformer 305.

[0052] According to various embodiments, the encrgy and impact transformer
20 305 may use a shear truss-like structure connecting the container 301 and
contaimer 303 (o dampen any force or opact. In some exanples, the energy and
impact transformer 305 allows the container 381 to move or shde with respect io
container 303. In some examples, up to several centimeters of relative movement

is allowed by the energy and impact transformer 305,

o
i

[00537 In particular embodiments, the energy and 1mpact transformer 303 could
be a material thai absorbe/dissipales mechamcal energy as thermal energy or
transformational energy and may include electro-rheological, magneto-

rheological, foam, fluid, and/or gel materials.

[0054] Figure 4 illustrates another example of a container device svstem.

(o8}
ol

Container 401 encloses energy and ympact transformer 403, In some examples,
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multiple containers or multiple shells may not be necessary. The container may
be constructed using plastic and/or resin. And may expand or contract with the
application of force. The energy and tmpact transformer 403 may similarly
expand or contract with the application of force. The energy and irapact

5 transformer 403 may receive and convert energy from physical impacts on a

contatner 401

[OO55] igure 5 illusirates one example of a multipte shell system. An outer
shell 501, a middle shell 503, and an inner shell 505 may hold energy and impact
transformative layers 511 and 513 between them. Energy and tupact

10 transformer laver 5311 residing between shells 501 and 503 may allow shell 501
to move and/or shide with respect to middie shell 503. By alHowing sliding
movenients that convert potential head rotational forces into heat or

transformation energy, shear forces can be sigmificantly reduced.

(00567 Sularly, middie shell 503 can move and slide with respect to inner shell
15 505, Insome examples, the amount of movement and/or sliding depends on the
viscosily of {huid in the energy and impact transformer layers 511 and 513. The
viscosity may change depending on electric field or voliage applied. In some
uther examples, the amount of movement and/or sliding depends on the
materials and structures of materials in the cnergy and impact transformer layers
20 5311 and 513,
(00571 According to various embodiments, when a force 1s applied to an outer
shell 501, energy 18 transferred to an mmer shell SO5 through a suspended muddle
shell 503. The middle shell 503 shears relative to the top shell 501 and inner

shell 505, In particular embodiments, the energy and vuopact trassformer layers

o
i

511 and 513 yoay include thin elastomeric trusses between the shells in a comb
structure. The energy and impact transformer layers 511 and 513 may also

mclude energy dampening/absorbing thiids or devices,

(0058} According o various embodiments, a number of different physical

structures can be used to form energy and impact transformer layers 511 and

(o8}
ol

513, In some examples, energy and impact transformer layer 511 includes a
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layer of upward or downward facing three dimnensicnal conical structures
scparating outer shell 501 and middic shell 503, Enorgy and impact transformer
layer 513 tncludes a layer of upward or downward facing conical structures
seprarating meiddle shefl 503 and inner shell 505, The conical structures in energy
5 and impact wansformer Jayer 511 and the conical struciures in energy and impact
rransformer laver 513 may or may not be aligned. In some examples, the conical
structures in layer S are misaligned with the conical structures in layer 513 o

allow for improved shear force reduction.

(003591 In some examples, conical structures are designed to have a particular

10 elastic range where the conical structures will return to the same strocture after
force applied 1s removed. The conteal structures may also be designed to have a
particular plastic range where the conical structure will permancaotly deform #f
sufficient rotational or shear force is applied. The deformation itsell may
dissipate energy but would necessitate replacement or repair of the protective

15 Zear.
[0060] Conical stractures are ¢ffective in reducing shear, rotational, and irapact
forces applied to an outer shell 501, Conical structares reduce shear and
rolational forces applied from a variety of different directions. According (o
varicus embodiments, conical structurces in energy and impact transtormer layers

20 511 are directed outwards with bases sttuated on middle shell 503 and inner shell
505 respectively. In some examples, structures in the energy and impact
transformer layer may be three dimensional pyramid siructures, three

dimensional parabelic structures, cylinders,

(00611 Figure 6 iHustrates one exanple of a multiple shell helmet, According to

o
i

various embodiments, helmet 601 includes an outer shell Tayer 603, an outer
energy and impact (ransformer 605, a middle shell layer 607, an inner energy
and impact transformer 60Y, and an inner shell layer 611, the helmet 601 may
also include a lining layer within the inner shell layer 611, in particular
embodiments, the nner shell layer 611 includes attachment points 615 for a chin
30 strap for securing helmet 601, In particular embodiments, the outer shell layer

603 includes attachment points for a visor, chin bar, face guacd, face cage, and/or
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{ace protection mechanism 615 generally. In some examples, the inner shell
layer 611, miiddlie shell layer 607, and outer shell layer 603 meludes ridges 617
and/or air holes for breathability. The outer shell layer 603, middie shell layer
607, and inner shell layer 611 may be constructed using plastics, resins, metal,
composites, ete. In some instances, the outer shell laver 603, middie shell layer
607, and mmer shell layer 611 may be reinforced using fibers such as aramids.
The cncrgy and impact transformer layers 605 and 609 can help distribute

mechanical energy and shear forces so that less encrgy is imparted on the head,

(00621 According o various embodiments, a chin strap 621 is connected to the
inner shell laver 611 to secure helmet positioning. The various shell layvers are
alsoe sornetimes referred (o 48 containers or casings. In many examples, the inner
shell Iayer 611 covers a lining layer {not shown). The lining layer may include
linmng malerials, {oam, and/or padding to absorb mechanical energy and enhance
fit. A Hning laver may be connected to the inmer shell layer 611 using a variety
of attachment mechanisms soch as ghie or Velero, According to various
erabodiments, the lining layer is pre-molded (o allow for enhanced 3t and
protection. According to various embodiments, the ining layer may vary, e.g.
from d4mm to 40mimn in thickness, depending on the type of activity a hebmet is
designed for. In some examples, custom foam may be mjected into a fitted
helmet to aliow for personalized fit. In other examples, differenily sized shell

layers and lining layers may be provided {or vartous activities and head sizes.

(00637 The middle shel layer 607 may only be indirectly connected to the inner
shell faver 611 through energy and impact transformer 609. In particular
embodiments, the middle shell layer 607 floats above inner shell layer 611, In
other examples, the middie shell layer 607 may be loosely connected to the inner
shell layer 611, In the same manner, outer shell layer 603 floats above middle
shell layer 607 and moay only be connected to the nuddle shell layer through
energy and impact transformer 605, In other examples, the outer shell laver 603
may be loosely and flexibly connected to middie shell layer 607 and inner shell
layer 611. The shell layers 603, 607, and 611 provide protection against
penetrating forces while energy and impact transformer layers 605 and 609

provide protection against compression forces, shear forces, rotational forces,
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etc. According to various embodiments, energy and mpact transformer layer
605 allows the outer shell 603 to moove relative to the middle shotl 607 and the
energy and tmpact transformer layer 609 allows the outer shell 603 and the
middle shell 607 to move relative to the inner shell 611, Compression, shear,
rotation, impact, and/or other forces are absorbed, deflected, dissipated, eic., by

the various layers.

(30641 According o vartous embodiments, the skull and bram are not only
provided with protection against skull fractures, penetrating injuries, subdural
and epidural hematomas, but also provided with some measure of protection
against direct forces and resultant coup-contra coup mjuries that result in both
contusions and compression-tension axon injuries. The skull is also protecied
against rotational forces that arc a corc cause of a shear injury and resultant long-

term neurological disability in civilian and nulitary personnel.

[00657 In some examples, the energy and impact transformer layers 605 and 609
may inclode passive, sem-active, and active dampers. According to various
embodiments, ihe outer shell 603, middie shelf 607, and the inner shell 611 may
vary m weight and strength. §n some examples, the outer shell 603 has
significanily more weight, strength, and structural integrity than the middie shell
607 and the inner shell 611, The outer shell 603 may be used to prevent
penetrating forces, and conseguently may be constructed using higher strength

materials that may be more expensive or heavier.

(00661 Although the foregoing invention has been described m some detail for
purposes of clarity of understanding, it will be apparent that certain changes and
modifications may be practiced within the scope of the appended claims.
Therefore, the present embodiments are to be considered as illustrative and not
resiriclive and the mvention 18 not to be hmited to the detatls given heremn, but

may be modifted within the scope and equivalents of the appended clamms.
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CLAIMS

1. A helmet, comprising:

an cuier shell laver;

a roiddle shell layer connected to the outer shell layver through an outer
encrgy and impact transformer layer, the outer energy and impact transformer
fayer operable to absorb energy from mechanical forces imparted onto the outer
shell layer, wherem the outer energy and impact transformer layer allows the
outer shell layer (o slide relative to the middle shell layer;

an inner shell layer connected to the middie shell layer through an inner
energy and irapact transformer layer, the inner encrgy and impact transformer
layer operable to absorb energy from mechanical forces imparted onto the
middle shell through the outer shell and the outer energy and impact transformer
fayer, wherein the mner cnergy and impact transformer layer allows the nuddle
shell laver to shide relative to the inner shell layer.

2. The bebmet of claim 1, wherein the outer shell laver is constructed
using higher strength material than the middle shell layer.

3. The helmet of claim 1, wherein the outer energy and topact
transformer layer comprises a gel layer.

4. The helmet of claim 1, wherein the outer energy and impact
transformer layer comprises a fluid laver.

3. The helmet of ¢laim 1, wherein the outer energy and tmpact
transformer layver comprises an electro-rheoiogical element.

6. The helmet of claim 1, wherein the outer energy and impact
transformer ayer coroprises a magneto-rheonlogical element.

7. The helmet of claim 1, wherein mechanical forces include fapact
forees.

8. The helmet of claim 1, wherein mechanical forces include rotational
and shear forces.

9. The helmet of claim 1, wherein a g layer is conmected to the ey
shell layer, wherein the Huing layer is configured to conform to 2 human head.

16, The hebmet of claim 9, wherein the Hoing layer comprises foam,
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11, Protective gear, comprising
a roiddic shell layer connecicd to an outer shell layer through an outer
energy transformer layer, the outer energy transformer layer operable to absorb
energy from forces imparted onto the outer shell layer, wherein the ocuter encrgy
5 transformoer laver allows the outer shell layer to slide relative to the middie shell
faver;
an inner shell tayer connected to the middle shell layer through an innor
energy transformer layer, the inner engrgy transformer layer operable to absorb
energy from forces imparted onto the middle shell through the outer shell and the
10 outer energy transformer layer, wherein the inner energy transformer layer
allows the middie shell layer to slide relative Lo the inner shell fayer.
12. The protective gear of claim 11, wherein the outer shell layer is
constructed using higher strength material than the middle shell layer.
13. The protective gear of claim 11, wherein the outer energy
15 transformer laver comprises a gel layer.
14, The protective gear of claun 11, wherein the outer energy
transformer layer comprises a fhad layer.
15. The protective gear of clatm 11, wherein the outer energy
transformer layer comprises an clectro-theological clement,
20 16, The protective gear of claim 11, wherein the outer energy
transformer jayer comprises a magneto-rheological element.
17, The protective gear of c¢lanm 11, wherein mechanical forces include
1mpact forees.
18. The protective gear of clamm 11, wherein mechanical forces include

rotational and shear {orces.

b2
(¥

19, The protective gear of claim 11, wherein a lining layer is connecte
to the ner shell fayer, wherein the lining laver is configured {o conformio a
human head.

20. The protective gear of claim 19, wherein the lining layer comprises

30 foam:.
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
1. Statement
Novelty (N) Claims 1-20 YES
Claims None NO
Inventive step (IS) Claims None YES
Claims 1-20 NO
Industrial applicability (IA) Claims 1-20 YES
Claims None : NO

2. Citations and explanations:

Claims 1, 2, 4, 7-9,"11, 12, 14, 17-19 lack an inventive step under PCT Article 33(3) as being obvious over Johnson in view of Von Holst et
al. (hereafter Von Holst).

Regarding claim 1, Johnson discloses a helmet (Title and Abstract), comprising:

an outer shell layer (outer shell 12; Fig. 3; col. 3, Ins. 21-55);

a middle shell layer (primary shell 11) connected to the outer shell layer (12) through an outer energy and impact transformer layer (air gap
9; Fig. 3; col. 3, Ins. 21-55),

the outer energy and impact transformer layer (9) operable to absorb energy from mechanica! forces imparted onto the outer shell layer
(12; Fig. 3; col. 3, Ins. 21-55 regarding the shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as
the air gap 9 so as to allow the shells 11 and 12 to slide upon one another upon impact; col. 4, In. 31 — col. 5, In. 9 describes using the air
gap to help distribute forces between shells 11, 12),

wherein the outer energy and impact transformer layer (9) allows the outer shell layer (12) to slide relative to the middle shell layer (11;
Fig. 3; col. 3, Ins. 21-55 regarding The shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as the
air gap 9 so as to allow the shells 11 and 12 to slide upon one another upon impact);

an inner shell layer (inner liner 21) connected to the middle shell layer (11) through an inner energy and impact transformer layer (outer
liner 22; Fig. 3; col. 5, Ins. 20-51).

Johnson fails to explicitly disciose the inner energy and impact transformer layer operable to absorb energy from mechanical forces
imparted onto the middle shell through the outer shell and the outer energy and impact transformer layer,

wherein the inner energy and impact transformer layer allows the middie shell layer to slide relative to the inner shell layer.

Von Holst teaches of a protective helmet, comprising an inner energy and impact transformer layer (inner sliding layer 4) operable to
absorb energy from mechanical forces imparted onto a middle shell (intermediate shell 6) through an outer shell (2) and an outer energy
and impact transformer layer (outer sliding layer 4; Fig. 3b; col. 3, Ins. 29-45 describes the sliding layers 4, which absorb impact energy
between shell layers),

wherein the inner energy and impact transformer layer (inner sliding layer 4) allows the middle shell layer (intermediate shell 6) to slide
relative to the inner shell layer (inner shell 3 including harder, thin outer layer 3”; Fig. 3b; col. 3, Ins. 29-45).

It would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson to include an inner
transformer layer as taught by Von Holst as this allows sliding between an inner and middle layer, thereby dispersing energy from an
impact to the helmet.

Regarding claim 2, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein the outer shell layer (12)
is constructed using higher strength material than the middie shell layer (11; Fig. 3; col. 4, Ins. 63 — col. 5, In. 9 describes how in an
extreme impact, the primary polycarbonate shell 11 will sever while the outer fiberglass shell 12 will be able to withstand repeated impacts;
this implies that the outer shell 12 uses a higher strength material than the primary shell 11).

Regarding claim 4, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein the outer energy and
impact transformer layer (9) comprises a fluid layer (air gap 9; Fig. 3 shows an air gap 9, air being a type of fluid; col. 3, Ins. 21-55).

Regarding claim 7, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein mechanical forces include
impact forces (col. 4, In. 31 — col. 5, In. 9 describes the impact forces that are placed on the helmet).

Regarding claim 8, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein mechanical forces include
rotational and shear forces (col. 4, In. 31 — col. 5, In. 9 describes the shearing action between shells 11, 12; as any impact to a heimet
would also cause it to rotate in some manner, rotationai forces are also involved).

Regarding claim 9, Johnson as modified discloses the helmet of claim 1, and Johnson further discloses wherein a lining layer
(fabric-covered fitting pad 15) is connected to the inner shell layer (21; Fig. 3), wherein the lining layer (15) is configured to conform to a
human head {col. 4, Ins. 3-30 regarding The fitting pad 15 encircles the wearer's head around the side and back of the head for closely
mating the head to the shell 11 by means of the resilient properties of such a fitting pad).

Form PCT/ISA/237 (Box No. V) (July 2011)
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Continuation of:

Regarding claim 11, Johnson discloses protective gear (Title and Abstract), comprising:

a middle shell layer (primary shell 11) connected to an outer shell layer (outer shell 12) through an outer energy transformer layer (air gap
9; Fig. 3; col. 3, Ins. 21-55),

the outer energy transformer layer (9) operable to absorb energy from forces imparted onto the outer shell layer (12; Fig. 3; col. 3, Ins.
21-55 regarding the shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as the air gap 9 so as to
allow the shells 11 and 12 to slide upon one another upon impact; col. 4, In. 31 — col. 5, In. 9 describes using the air gap to help distribute
forces between shells 11, 12),

wherein the outer energy transformer layer (9) allows the outer shell fayer (12) to slide relative to the middle shell tayer (11; Fig. 3; col. 3,
Ins. 21-55 regarding The shells 11 and 12 may be press fitted together so as to be spaced apart by an air gap, such as the air gap 9 so as
to aliow the shells 11 and 12 to slide upon one another upon impact);

an inner shell layer (inner liner 21) connected to the middle shell layer (11) through an inner energy transformer layer (outer liner 22; Fig. 3;
col. 5, Ins. 20-51).

Johnson fails to explicitly disclose the inner energy transformer layer operable to absorb energy from forces imparted onto the middie shell
through the outer shell and the outer energy transformer layer,

wherein the inner energy transformer layer allows the middle shell layer to slide relative to the inner shell layer.

Von Holst teaches of a protective helmet, comprising an inner energy transformer layer (inner sliding layer 4) operable to absorb energy
from mechanical forces imparted onto a middle shell (intermediate shell 6) through an outer shell (2) and an outer energy and impact
transformer layer (outer sliding layer 4; Fig. 3b; col. 3, Ins. 29-45 describes the sliding layers 4, which absorb impact energy between shell
layers),

wherein the inner energy transformer layer (inner sliding layer 4) allows a middle shell layer (intermediate shell 8) to slide relative to an
inner shell layer (inner shell 3 including harder, thin outer layer 3”; Fig. 3b; col. 3, Ins. 29-45).

It would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson to include an inner
transformer layer as taught by Von Holst as this allows sliding between an inner and middle layer, thereby dispersing energy from an
impact to the helmet.

Regarding claim 12, see claim 2.
Regarding claim 14, see claim 4.

Regarding claims 17-19, see claims 7-9, respectively.

Claims 3, 10, 13, 20 lack an inventive step under PCT Article 33(3) as being obvious over Johnson in view of Von Holst et al. (hereafter
Von Holst) and in further view of Ferrara.

Regarding claim 3, Johnson as modified discloses the helmet of claim 1, but Johnson fails to explicitly disclose wherein the outer energy
and impact transformer layer comprises a gel layer.

Ferrara teaches of protective headgear, wherein an outer energy and impact transformer layer (middle layer 24 is the outermost
transformation layer between shells 20 and 28) comprises a gel layer (Fig. 2; para. 0030 describes the middle layer 24 made of a
compressible TPE material, which can be a soft gel as described in para. 0027).

It would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson as modified to include a gel
layer as taught by Ferrara as this type of material is able to absorb energy while being compressible in a manner that allows sliding
between two layers when the gel is used as an intermediary.

Regarding claim 10, Johnson as modified discloses the helmet of claim 9, but Johnson fails to explicitly disclose wherein the lining layer
comprises foam.

Ferrara teaches of protective headgear, wherein a lining layer (32) comprises foam (Fig. 2; para. 0032-0033).

It would have been obvious to one of skill in the art at the time of invention to madify the invention of Johnson as modified to include a
foam liner as taught by Ferrara as this is commonly used liner material in helmets due to its ability to mold to the shape of the wearer's
head.

Regarding claims 13 and 20, see claims 3 and 10, respectively.
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Claims 5, 6, 15, 16 lack an inventive step under PCT Article 33(3) as being obvious over Johnson in view of Von Holst et al. (hereafter Von
Holst) and in further view of Baker.

Regarding claims 5, 6, Johnson as modified discloses the helmet of claim 1, but Johnson fails to explicitly disclose [claim 5] wherein the
outer energy and impact transformer layer comprises an electro-rheological element; and,

[claim 6] wherein the outer energy and impact transformer layer comprises a magneto-rheological element.

However, Baker shows a helmet (210) with an inner and outer shell (Fig. 3; para. 0066) that uses a dashpot (230 in Fig. 3 and 330 in Fig.
8) which can be filled with a controllable rheological fluid such as a magneto-rheological (MR) fluid or an electro-rheclogical (ER) fluid
(para. 0070) to help reduce the impact of forces on the user’s head (para. 0068-0071).

It would have been obvious to one of ordinary skill in the art at the time the invention was made to include the use of either
elctro-rheological or magneto-rheological fluid between the inner and outer shells of the helmet, since selection of a known material on the
basis of its suitability for an intended use involves only routine skill in the art. The motivation for doing so would be to further control how
the shells move relative to each other during an impact.

It would have been obvious to one of skill in the art at the time of invention to modify the invention of Johnson as modified to include the
use of a rheological fluid with a helmet as taught by Baker as this type of fluid can respond to specific conditions in order to help control the
forces inside of helmet during an impact.

Regarding claims 15 and 16, see claims 5 and 6, respectively.

Claims 1-20 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed can be
made or used in industry.
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Application Type:

Utility under 35 USC 111(a)
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Robert T. Knight Attorney Docket No.: BRGDP0O1
Application No.: 13/554,471 Examiner: Tajash D. Patel
Filed: July 20, 2012 Group: 3765

Title: BIOMECHANICS AWARE PROTECTIVE Confirmation No.: 6630
GEAR

CERTIFICATE OF EFS-WEB TRANSMISSION
I hereby certify that this correspondence is being transmitted
electronically through EFS-WEB to the Commissioner for
Patents, P.O. Box 1450 Alexandria, VA 22313-1450 on June
10,2014,

Signed: /Amber Lundy/

Amber Lundy

INFORMATION DISCLOSURE STATEMENT
37 CFR §§1.56 AND 1.97(b)

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

The reference(s) identified in the attached Information Disclosure Statement (copies of
non-U.S. references are attached) may be material to examination of the above-identified patent
application. Applicants identify the reference(s) in compliance with their duty of disclosure
pursuant to 37 CFR §§1.56 and 1.97. The Examiner is requested to make the identified
reference(s) of official record in this application.

This Information Disclosure Statement is not to be construed as a representation that a
search has been made, that additional information material to the examination of this application

does not exist, or that the reference(s) indeed constitutes prior art.

This Information Disclosure Statement is being filed after the mailing date of the first
Office Action on the merits, or after three months from the filing date of this application,
whichever event occurred last, but it is believed before the mailing date of either: (i) a final

action under §1.113 or (ii) a notice of allowance under §1.311, whichever occurs first.

Application No.: 13/554,471 1
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Accompanying this Information Disclosure Statement is the fee set forth in 37 CFR
1.17(p). However, if it is determined that additional fees are due, the Commissioner is hereby
authorized to charge such fees to Deposit Account (Order No. 50-6367).

Respectfully submitted,
Kwan & Olynick LLP

/Audrey Kwan/
Avery Audrey Kwan
Registration No. 46,850

Kwan & Olynick LLP

2000 Hearst Avenue, Suite 305
Berkley, CA 94709
510-900-9501 ext. 705

Application No.: 13/554,471 2
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
19694 7590 07/15/2014
Kwan & Olynick LLP PATEL, TATASH D
2000 Hearst Avenue, Suite 305
Berkeley, CA 94709 | ART UNIT PAPERNUMBER |
3765
DATE MAILED: 07/15/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
13/554.471 07/20/2012 Robert T. Knight BRGDP001 6630

TITLE OF INVENTION: BIOMECHANICS AWARE PROTECTIVE GEAR

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0 $0 $480 10/15/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

19694 7590 07/15/2014

Kwan & Olynick LLP
2000 Hearst Avenue, Suite 305

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

Berkeley, CA 94709
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/554,471 07/20/2012 Robert T. Knight BRGDPO001 6630
TITLE OF INVENTION: BIOMECHANICS AWARE PROTECTIVE GEAR
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 10/15/2014
| EXAMINER | ART UNIT CLASS-SUBCLASS |
PATEL, TAJASH D 3765 002-411000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/554,471 07/20/2012 Robert T. Knight BRGDPO001 6630
| EXAMINER |
19694 7590 07/15/2014
Kwan & Olynick LLP PATEL, TATASH D
2000 Hearst Avenue, Suite 305
Berkeley, CA 94709 | ART UNIT PAPER NUMBER |

3765

DATE MAILED: 07/15/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
13/554,471 KNIGHT, ROBERT T.
: IH i i AlA (First Inventor to
Notice of Allowability E)E(j/TgLeLATEL Q;‘sg"" File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS

NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative

of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to Amendment filed on 6/9/14.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/fwww.usplo.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHisedback@usplo.gov .

4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Cettified copies of the priority documents have been received in Application No.
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 6/10/14

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/Tejash Patel/
Primary Examiner
Art Unit: 3765

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140708
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 1355447 KNIGHT, ROBERT T.
H““H““ “m“m“m ““ ‘“ ““H“ “‘ o o

TEJASH PATEL 3765
CPC
Symbol Type Version
A42B 064 F 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:
20

(Assistant Examiner) (Date)
/TEJASH PATEL/
Primary Examiner.Art Unit 3765 07/09/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 5

U.S. Patent and Trademark Office

Part of Paper No. 20140708
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

13554471 KNIGHT, ROBERT T.
Examiner Art Unit
TEJASH PATEL 3765

US ORIGINAL CLASSIFICATION

INTERNATIONAL CLASSIFICATION

CLASS

SUBCLASS

CLAIMED

NON-CLAIMED

2 411

B

3/00 (2006.01.01)

CROSS REFERENCE(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE

Total Claims Allowed:

20
(Assistant Examiner) (Date)
/TEJASH PATEL/
Primary Examiner.Art Unit 3765 07/09/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 5

U.S. Patent and Trademark Office

Part of Paper No. 20140708
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 1355447 KNIGHT, ROBERT T.
H“m m“ “m “m “m ““ ‘“ ‘““ m “‘ e o
TEJASH PATEL 3765
O Claims renumbered in the same order as presented by applicant O CPA O T.b. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 1 17 17
2 2 18 18
3 3 19 19
4 4 20 20
5 5
6 6
7 7
8 8
9 9
10 10
1 1
12 12
13 13
14 14
15 15
16 16
NONE
Total Claims Allowed:
20
(Assistant Examiner) (Date)
/TEJASH PATEL/
Primary Examiner.Art Unit 3765 07/09/2014 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 5
U.S. Patent and Trademark Office Part of Paper No. 20140708
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

P.O. Box 1450

WWW.Uspto.gov

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

Alexandria, Virginia 22313-1450

CONFIRMATION NO. 6630

SERIAL NUMBER FILINE):‘.IS‘gl_rE 371(c) CLASS GROUP ART UNIT ATTORN'\IJE(\)( DOCKET
13/554,471 07/20/2012 002 3765 BRGDP0O1
RULE
APPLICANTS
INVENTORS
Robert T. Knight, El Cerrito, CA;
*k CONTINUING DATA kkkhkkkhhkhkhkhkkhhkhhhhkhkkkk
This appln claims benefit of 61/510,401 07/21/2011
*k FOREIGN APPLICATIONS kkkkkhhhhhhhkhkhkhkhhhhhhhhkhkk
** |F REQUIRED, FOREIGN FILING LICENSE GRANTED ** ** SMALL ENTITY **
07/31/2012
Foreign Priority claimed U ves Mo STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119(a-d) conditions met D Yes QNO D M?Sv?gr?ée COUNTRY DRAWINGS CLAIMS CLAIMS
Verified and /TEJASH D PATEL/
Acknowledged Examiners Signature nitials CA 6 20 2
ADDRESS
Kwan & Olynick LLP
2000 Hearst Avenue, Suite 305
Berkeley, CA 94709
UNITED STATES
TITLE
BIOMECHANICS AWARE PROTECTIVE GEAR
|0 Al Fees

10 1.16 Fees (Filing)

FEES: Authority has been given in Paper

FILING FEE - -
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT [0 1.17 Fees (Processing Ext. of fime) |
1370 No. for following: |EI 1.18 Fees (Issue) |
|EI Other |
|0 Credit |

BIB (Rev. 05/07).
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Search Notes

13554471

Application/Control No.

Applicant(s)/Patent Under
Reexamination

KNIGHT, ROBERT T.

TEJASH PATEL 3765
CPC- SEARCHED
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