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ARTI CLES BACKGROUND OF THE I NVENTION 1. Field of the
woOnvmnexnh The invention relates to | am nated PerUs2006/018814

sheets, and assenblies theteof, having utility for

i npact absorption, ballistic resistance, penetration

resi stance per se, as well as in spall shields,

structural conposite BT ' .

Description of the Rg'fg{ngulgrrteg'rﬁe corétRFFJg{Lf%ﬁzof

body arnor for persqgnal protection is_ an ancient but

not archaic art. MeBACKGREUND OF INVEN FICH

t he Egip@iiéggg@ﬁe |#%QQ$!§HC persisted in use until

about T century. In recent tines,
. body ar nor T irngation belatesetgiaatinatedlfelt sheelgh ahtd@assemblies

di scover f. new stro fibers, such. as, aram ds,. hi gh. .

o1 e dnatectegine i) KypaH b3 PANGHS 15gptRate; penetration

Var i oygsistiifde p&i g8, ALREI GOMFEHAFEhIRRS, SirBckiAEbrhSsites and

use in inpact-"resistant, ballistic-resistant and

penet rethebapplssitionant articles such as hel nets,

panel vest s, es ti,cl es display varying
degremm&%&ati on by inpact from
st abbi ng i nphe BBAStBUGIWANOfaDdYKIThUE FoPpers®RaKE®ISEtoN is an ancient
projectiles such as bullets, shells, shrapnel, glass

ﬂ'@ Egyptians by

f r agneitod Aachaie art iddetadarmps @leagy yyalt kawn i

enet ratdPR-+ esLsd: : j [ [alo! i
B ongliof ity BeRiGR A Lse trfiPalinine ol ofdfe, 7 Kentury. In
nol eculegenitirngst bodobyedhlydseagaindrezontspeattical through the
pol ybenzazol es_are known,

Dot aniSe ey of PwesioninibeTs Shof damii Tioh Specular weight

publ i &RyRhe, Bnd pollidphzblgs Nemour s | nt er nat i onal
S. A gﬂ/tlgd PLRghtwel ght Conposite Hard Arnmor Non

Appar el SysYaieusiiber-reirfe®esi3amstiushion: fenknewn far uskdin impact-

Fibre." The fib non- .

ron- wdeen a1t R Do AR AT BRaS i Ria iR affolpsagpion as
and crigsitefd,ipRhelNandeldstsl. Thusd aficlesdieplaynrirgingdedrées of
be either flexible or rigid depending upon the nature

of t hdesistaes toranadiationy impackfieat stabsinshipnig@entssipch as

4,181, ' (R I

A5 EORES o f oS ER LB, Yol o, lass

goclrybg%ggg?mmlegﬁthtadﬂ(epht hal am de) WO 2006/ 124825
é)a]ﬁstlc-resistant and/or penetration-resistant articles which include

high strength fibers made from materials such as high molecular weight

polyethylene, aramids and polybenzazoles are known. See, e.g., United
States Patents (USP's) 6,534,426, 6,475,936, and a 1984 publication of
E.l. duPont De Nemours International S.A. entitled “Lightweight Composite
Hard Armor Non Apparel Systems with T-963 3300 dtex DuPont Keviar 29
Fibre.” The fibers may be woven or non-woven. Non-woven fibers may be
knitted, uniaxially aligned and cross-plied, or felted. Such articles are said
to be either flexible or rigid depending upon the nature of their constructicn
and the materials employed.
USP 4,181,768 describes a rigid armor formed by press laminating

alternate layers of 6,6 nylon film and poly-(p-phenylene terephthalamide)



2 fabric. The fabric can be a non-woven such as a

needl e- punched felt. USP 5,343,796 descri bes arnor
weystcanes2sonpri sing a first pliable fibrous | agemnwsam6o018814

a second pliable cut resistant fibrous |ayer. The

second | ayer conprises an uncoated needl e- punched

fel t. fagidal batfabipptarche iaomon-Ruvehsachas 2062dieindahed felt.

descri f i rticles conprising at |east two . ,
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The fabrics have a layer resistant to puncture hy
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mat er inzitropordies fricbnhrase iayearbebind tHreepanctad fadistadt layer. The

needl e punchi ng and conpression. H L. Thonas
i scuByBELF Qe @NE Hiehean Rerd MBedibunabRdeitor
Fragnent at i pREH #GIplieBtion POb @RI 2’(5(?3/96??@%‘% 8ds&bes ballistic

the 14th International Conference on Conposi
Mat er registany fabyicicpmising @leashtwo tipesxf fibkousorgiérisle blended

lysi . ' fi -reinf d it .
"o2! YR, AhsBifLH Faddfielo, kAR 2 sidlS Mier o SRR HE Faterial
sever Therfebad nensridle wee BeASolidatied b fNeedle Pusdrhg and
poi nted projectile can penetrate arnor by laterally

di spl SempEessidier 5.l tsnas pHscissas “Needle-punehadsNeaseoven
H S . ;
the pgarsrlgg:/ ?cé)ﬂelﬁr'égs %ﬁé%@ﬁ?&egﬁcﬁ@?ﬁ@%&rmgv&&%%%% at the 141

fiber asi de, "a ore, ont

nat ur ihtefnatioaal Cbefereretaeron IConhpexitet Materfais, tJulys 1418, 2003, San
tight Ress EEAWeave or periodicity of cross-overs in

cross 9% d M uni directi onal conposites, yarn and fi ber

deni ers, fiCRppleRs dndpsis of behé®ation HPﬁlSér)-(reinforceg composites is
characteristics, interlamnar bond strengths an

ot her still ispyons presggheapabilities, pbheughasevéral steshanisgns have been

fibergg. T earl.i ti,ons_had sever al

oo BN 4 1 oS R B AG oR R BT Bl by ateaty

conpodispkirgefigsialwithdiabeedighd eerhallh s iceisé et Btion

and wei gh | ess than woven fabrics nmade fromthe sane

fi ber rasjgiance fepends on heuy readdy fibprcmiaypenpushashaside, and

to pr ' '

2 PraGre S et TR BN i PR Ers re e

2006/ igtaass BONEBE2 00 efdbiBity of cross-overs in cross-plied
unidirectional composites, yarn and fiber deniers, fiber-to-fiber friction,
matrix characteristics, interlaminar bond strengths and others. Sharp
fragments can penetrate by shearing fibers.

The earlier constructions had several disadvantages. Cross-plied
unidirectional fiber composites generally have better ballistic resistance
and weigh less than woven fabrics made from the same fiber type,
however, they are typically more costly to produce. Each of the

constructions cited above represents progress toward the goals to which



3 they were directed. However, none described the
specific constructions of the |am nates and

wagswnedzes of this invention, and none sati sf Ped/uakd06/018814
of the needs net by this i#&vention. SUMARY OF THE

| NVENTI ON The i nvention conprise felt )
sheet theyangresdiseaied | ggJWQVﬁgP%*fe ge]%q”bﬁgatbelslgepglcrqﬂnstructlons of

' ﬁpacfhaeta,gﬁﬂﬁg{el d gz?éérﬁﬁfés%frtﬁ%'lﬁ&&ﬂ% ahd none satisfied all of

penet resistance ep r se, as well ‘as in spall

Shl el gt néédym&lbqlthlsanvmﬁmnt es and ot her
applications. Surprisingly, it is found that
constructions of the invention provide unexpected

reduction in back fggmg#qutimwgmpgnm by

bal l'istic projectil stance to

penet r at i orhay irfieaiibh Ngorhprisendaminatéd feite shetstsdi arehtgssemblies
among others, the invention is a freestan

| ami nmere@f;nbay@gng}tlhtg é@rnﬁg@gggoaq%;rptl%eaa%stlc resistance and
conpr%)%b?f%{‘ e@ s%@ée prégces g 68Ny Séﬁa'ﬂgshields structural

essen one gh strength fibers
havi ngompositesi tandeqmthbrtapphcagroelateBurrbrmngMoutt ig found that

RN VR
of th%eff&ﬁ]t ee\F\Ihe ?Qéﬂe@na&} Ybalistieli pepjsetiies, adnd improved
m

bet wee atera face(s) and the plastic film
Anot heesnetmmdltnmmeitrstlelm baratatmleg doRleMeNthg two or

;rg{:: ? ]; #2 o:ng?/ejﬂﬁgﬁ\ﬁ rﬁ%xﬁﬁéﬁ%ﬁer@cﬁ%dipbg% Fa fr@estandlng

ern am nates ar

connegs@th8 ¥ niptisiiy: edgempestedfelt héetrddneprising two lateral
enbodi nent is an article COTTPI‘I sing two or re H?lbers

i nventswiaceamindnansiiag ias§eati#bnefi Gt Aalers &l gfb%tf%\f&t
the | ﬁﬂﬁgﬁ?géﬁ%ﬁ&eé%aﬂ Blhﬁrefa?éltthég%gdﬁ?ﬂl §Fdscper denier (g/d)

film are bon oge
f ace- tzg-haasureel it ASTEhDR25812; mmmmmmt@mne gr both

an article copprisi e or r t

| am nd@t@éaosé’éacienp ﬁéﬁt@fbg}féh%t @ﬁcﬁpﬂﬁqn%ﬁ( ﬁﬂgr{txgrnm between
mor e tﬁéh’éte JUAHBER) %ﬁh%&%srtrcqmnt he group

consi sting of woven sheets of I%@E strength fibers,

sheets of uNiatkeaempodimemidd aa mnmsw twp @ more of the
strenq

uni axi gyerylvgqgéﬁ%%tea%an%egstég%ﬁggﬁ‘f ﬁac%htoéfgge reltaﬂonshlp, wherein

fi ber ghk ahitities atd canidcded balyfinlam edge goltioph st r engt h
fi bers havi n% a tenacity of at |east about 17

/ d;
2006/ 124825A Qymb@mm\gﬁan Article comprising twogor more of the
inventive laminates having a bonding material between the lateral surfaces

of the felt and the plastic film, wherein the laminates are bonded together
in face-to-face relationship.

Yet another embodiment is an article comprising one or more of the
inventive laminates described above in combination with one or more
fibrous layers selected from the group consisting of woven sheets of high
strength fibers, sheets of uniaxially-aligned and cross-plied high strength
fibers in a matrix, sheets of uniaxially-aligned and cross-plied high strength

fibers laminated in a plastic film, said high strength fibers having a tenacity

of at least about 17 g/d;



wherein said fibrous layers and said | am nates are
stacked together in face-to-face relationship. A

wedel124825t her enbodi nent is an article conpri BCIS2I6/018814
or nore of the inventive |am' nates previously

Fr om t RGP B BRERS gt Saienateagie siagkeh together in

st r engfale-tbifhes %lbﬂor%ﬁl@t ri x, bonded together; sheets
of uni axially-al |3ned and cross- plied high strength
fibers in aAmdit furthenrmbedimearyds aemarticdeetmprising one or more of

T bor uPelitve@3An8S PR 3317 deserled Ih SamBEten with a rigid
t oget helate sélectedrirdrhenes iggbub @érﬂit@tlr@gf %Héetsrb‘f%\téhehtgh strength
| am nates are stacked together in face-to-face

r el at i EERiIHa mayix; bended gethero aheslsofiuniamally-aligres and cross-
'b d o
vent eadighReAGITRc I 2 hafEREHIR todetfEn Shegpruniaxialy-

sel ectalignedand tresgipdiag higinstretgthdibelrs Rarigaded i a Blastlc film and
filled co a ceramc-fille

I t.al
L ommodhelBa. Bgptner. wheredt TRosit Sl aing nvetis aminates are
wher eigiadi trdgétﬁérﬁrh %&—%@c&h@ldﬂ?ﬁ@ﬂb‘ ve |am nates

are stacked +together in face-to-face relationship.
BRI EF DESCH} P&l lORher emipdiRrant isGd #itigler esmfbrising: ene or more of

2 qor eV Bhed DA 8 i b on i i
i nventgiate. selélEé&xEdoﬁDtt@@@ﬂb%Ulﬁ‘éti% J'fcémrré s §netal-

stren%ilh fibers used in ballistic-
penet rded sAMRasitst ager arﬁ&fﬁlﬂdmmmtea@eglpss}ﬂwtdadobmosﬁe and a

conpl nsi.ve and
Co| B RERSARER, 1l B4 AL e BRI eE He stacken
comeitegethef lrsfacagoﬁat:srelatmsnsm;@rd and a variety of

reinforced plastic products, both mlitary and
civilian. In tinmes when mlitary demands are high,

producti on cathEF S tR P
capacr ty ctanmnot—be

production F

need exi st Figuresoreefrbischemiatiy dria'\FvIrtgszcﬁ’ lér'?\%étég‘ofﬁ% invention.

supply of high strength fibers. A thus far mninally

expl oi t ed FéRBais g Scharsatihdrawing io& anititlegd he maention.

all fiber production processes unintentionally

produce because of breakage or other problens. Short

fiber packaddETALEIBESCRIPTIONOF THEINVEN RN
"PCT7USZ0067 018814 5 preggrng operatrions.—

However, f High strengthe‘mr@asaagebalaatm tenddeneénett#tdnyresistant

utili felted construction
5§ﬁjsttdqcttons are produceduby complex processes, are intrinsicaily

expensive and are also used in other applications such as ropes,
commercial fishing nets, tire cord and a variety of reinforced plastic
products, both military and civilian. In times when military demands are
high, production capacity may not meet all needs. Because production
capacity cannot be quickly increased, a need exists to more efficiently
utilize the limited supply of high strength fibers. A thus far minimally
exploited resource is the short fiber packages that all fiber production
processes unintentionally produce because of breakage or other

problems. Short fiber packages are undesirable for weaving or pre-



The invention conprises novel |am nated felt sheets,

and assenblies thereof. In one enbodi nent, anong
wothwerig4s2she i nvention is a free-standi ng | anPQats2006/018814

conprising: a conpressed feft sheet conprising two

|l ateral surfaces and consistﬁgg e%gentialkg of ons(ﬂé ficiall

mor e PISgRING PRETGIANS PP LT HRFHY WEPRRACKIGPR A PEeRgnencially

or gf@mg@a ib R PBNEtrukTiogs ams per denier (g/d) as

measured by ASTM D2256-02; plastic film bonded to one

or both |Bheinentionfcaouyises navel laaninatgekielt; sheets, and

SE: If g%%{énﬁqliﬁ%htggpegéfF QQﬁgsmggéiﬁ%ﬁ,carﬁgﬁ%loﬁe%fa{he invention is a

Sur prirgéBeHndingd faminafeosdptisiay: h apmpatsesedifel sheet comprising
assenblies of the inventiagn provide ynexpected ) ‘
r eductoolateral patacassad eenwsting eeveriiRen of PR A reeredyigh strength

bal | i &t ' ' ' ' t -

e ot TS SRRl Wy R e B SHRIE A7 Bam per donier

the i@/eds oraslsa bpASTM IDL256-0tEastidim bomaed txlone or both
For the purposes

than a fel]t teri oes. of. the
or es eRIeTAguTRGE B! e fbapests an corBiial & Dutigs agent betweer
| engtme%f@%a@émc%% dmhépau én@ﬁréﬂp@gﬁ@ﬁﬁﬁ. that the

transverse dinensions of wdth and thickness.
Accor di ngl Surprisinglerihisfiobed thatdaméraies Bndassamblies of the

ri bbo tri d the |like havi.ng. .
byt gh BoRE bt S GBI 598 o Bgtpamaton wnen

g
st r anighseied by edlietic Rechiebeand mprovel agsitance to penetration by
Preferably the high stren%th, fibers constitutin

th
felt $abbing impieagnisyelhe nwaat@sr@fxieeaweéﬁiaaiqlﬁ QPSg&b less
| east ; 30 g/d and
cos Ay Wiy (PR gt RheerkpBods 20,5, 21

nost pr eas asured by ASTM
D2256- 02. Porthermlrpysédef thiegiresénteingehtidn, kzefilser is an elongate

Cor et bl Gratin ek e e B fostrnoverse
pol ya&i?f@r%_ior%% R 8RQ Sick sy VAERErdRlghP 9d ter®flber includes
pol y{2, 6-di 1 m dazo[ 4, 5-

b4' | Sfilagiepy,rritthany Istripe -ahd4be liBe davingr tegy)arasriregulay cross-

PI PD). Mre r ef er abl t he, high strengfh. fiber [

Sel ectasitr dhvBirEisch o sk SRRSOl Ly he

pol y(fmapeery ! ene terepht hal am de), pol ybenzoxazol e

PBO) , d _ o

éol y% 2, 2? dPrefebhothe Hob stresgthiibgrsicansiiiuling-the glhokthe

5 SRR Pl B Bl S 20812893, v ety

poi yelebyi &0 g/draad snast prefdaablnanidast 3bigidas measured by ASTM
g]?l Zﬁé%éée'%% material that may contain mnor anounts
Preferably the high strength fibers constituting the felt of the

inventive laminate are selected from the group consisting of polyolefin,
polyaramid, polybenzazole, polyvinyl alcohol, and poly{2,6-diimidazo[4,5-
b4’ ,5-e]pyridinylene-1,4(2,5-dihydroxy)phenylene} (PIPD). More
preferably, the high strength fibers are selected from the group consisting
of polyethylene, poly(p-phenylene terephthalamide), polybenzoxazole
(PBO), and poly{2,6-diimidazo[4,5-b4’,5'-e]pyridinylene-1,4(2,5-
dihydroxy)phenylene} (PIPD). |



branchi ng or conononers not exceeding 5 nodifying

units per 100 main chain carbon atons, and that may
walew/ieersai n adm xed therewith not nore thanprabwskoob018814

wt % of one or nore polyneréc additives such as

al kene-1-polyners, in particula

pol yet hyl ed& U35l p?)rlegbgpgﬁ%r%po[ygkr?%’)v%ﬁ‘?ﬁfééﬁéa predominantly

copol NiedrSshsth@enE hdatewaPthal afdycorfiainiminsramounts of chain
nononers, oxidi zed polyolefins, graft poglyolefin

copol branchingner gungBRYRE: AY1 @feeding:d medifving deis ger 100 main
Wt gh&h@ﬁﬂc{a&l{)gféto% .rbn%rsthggmagf,%lgél%ﬁtaiﬁ HBHi)ﬁ‘ﬂ'e%rewith not

ultra- reening a colorant s an

l'i ke. mdr@hhsit aeogt50 woly ef byt enendrelmlameny abditiyeswsuch as
fromsolution as described in USP

¢ é 137, ﬁ}gﬁ or U\?P
4, 3563lkeBe- OGRS, 1 BRItigULSS|IQW ARSI POREHHHIEN G doTyPropylene or
str U%H&Egty?e}éggﬁglg? glﬁn@?ﬁiﬁ?%%&olé‘ﬁﬁrs ad 99@2 fdnomers,

and especCially as descri In
USP 4oxitizetiiblyoiefing |giaft poteiefirmeosmaaTrAany polvaxymatiylenes,

by Ho L] ] t ..l nc. Th di.scl f _USP

4" 41300 moletEnySehERROVET suchgs APBRIADE. Floals. utr-
ext enfioldidlerddnih§ a§Ohts! BERASHIS okt thBakew th. The

pol yet hyl ene fibers nmay also be produced by a rollin

and dr awi nblig slcengih polyribriens dpersmayde QEOFYJ’QTFQBVS%IH?!O” as

=0 15, JEUSL 50} ST D) FSBHYA Soon

[J gL rreﬂ)sgﬁ% a;rlgegﬁtgur@mge: asrmﬂoaib"edﬁ Gﬂgmam@ﬁr iNe 8,004, 699 and GE
"s 3, and 5,010, 168 i C re re

i ncor b'@f AL ,@@7,reéﬂeﬁ?%n%?@lly@sa%whegéw%éﬁg{%a&@ &fd sold

come : ; r

and Ngﬁ}é%l(ﬂrrgé éj?‘riggeﬁrﬁa@r) Eg?@ﬁ{/ar%?/j in me%lgﬁtéé\ﬁytr%rlhc. The

t he TWaBIONUre of DECHNGRA(T10 isdwdeMEINtoNEDRiEX by reference to the

d ks: .JSC, Chi m Vol d h A :
bna pERRER At i3 5ot ks Ts et e Wi c Thi Hou e T may also
SVM  Balnyéduddiesy heoRing erirdrali @ pictess aistidscpbed ih ©/FeS

t-er epht hal am de "aram d coEoITymer i bers havi ng i
moder &t7812/6%F ghd pelguinderdhg TEMWAYLON® trdemask By ITS Industries

parti %I arly useful in the present invention. An
exanpl'e”of a p-phenyl ene terephthal am de copol yner

aram d usefruthd cadehsf arami¢ fibem) suiable fibers formed from aromatic
co- pol y- ( par aphenyl ene 3, 4" - oxyq\?ihg?ﬁnyl ene
| v

t er epRPHAMHAPTIRYE desqribgd g di%f's &4 34k $.0d05K6& whigh are

- TR RSB ACTSENL At ORI ooy

pol ybeomazartiallf bydt. b Diguortt o, pmaer it K&VLAR®sind NOMEX®

L ol damagke: By Taidy Tl BV Siderine TWRRGN®, TECHNORA®
and TEIJINCONEX® trademarks; by JSC Chim Volokno under the name
ARMOS: and by Kamensk Volokno JSC under the names RUSAR and
SVM. Poly(p-phenylene terephthalamide) and p-phenylene
terephthalamide aramid copolymer fibers having moderately high moduli
and tenacity values are particularly useful in the present invention. An
example of a p-phenylene terephthalamide copolymer aramid useful in the
invention is co-poly-(paraphenylene 3,4'-oxydiphenylene térephthalamide).

Also useful in the practice of this invention are poly(m-phenylene



5, 356, 584, 5,534,205 and 6, 040, 050 hereby i ncor porated

by reference. Preferably, the polybenzazole fibers
wanecAYksB( r) pol y(p- phenyl ene- 2, 6- benzobi soxaeoius)006/018814

fibers from Toyobo Co. Suitable PIPD fibers are

di scl osed in USP's 5, 674, 39 553, P37 _

and 6'SOROINBRINIA TBETF- .hwg?%ﬁ%mi &n@Z?'sff@«eé%f%tﬁﬁpract'ce of

pr ef efrﬁ§ﬁ'1 ef‘nh@ﬁ'éré SiskelNEoF éxé’rhéfédeYQPlsa@bSGfs"?»@mS 206,185,

ys ems | nternational, C. For the purposes
of t h&, 356484, i50534,3205 eind 6, @4&056membyémqoémvated by reference

i c iR GRS behiaRrar AR BeR Ak AT ONERENRRpePene-26-

st apl sefﬁidlﬁéoxa%ﬁ)qrb@bé JoffiEYoyebaCoengt h  rangi ng from
about 0. 25 inches 4 cm) to aboutl O inches (25 cm).

There are SuifablglPl W@ﬁf§ arg disgjosastin WSPan21671 P606r$39.553,
of ik ‘39r4]% 5:{70%:)1d %mﬁ?w%g%ﬂ@g éd U¥ ‘i’eldle?é(dtf@ A preferred

(air or Trqui

are cfipareigthe MB® brarichavailable fﬁomsMangdaam @ysm‘m:t hﬂernatlonal
network for handling, i.e. bonding of the network of
fi berslCecan occur by any of the follow ng neans:

mechani cal F%T tHe SurpoBE& et ﬁueQHoghﬁ&g a it ig %m&PgB\/EH’network of

hydr o- ent angl ement,” ai r entangl ement, spun
spun- temd@mly @Imentarhflkbqrs pl@fqablw\atllaaalmlmjbéwhm camnprises

h
{1 ber Aepeptia fuibernaeragoRaele TS Sesfaputaing a length
consofg d fiBm aBSIRAH25 harredbePens i Qﬂo@ﬂwﬂﬁclﬁés (25 cm).
foll owed by one of the other nethods. The

pr ef ef heig argl seviesalanatbeds do ﬂﬂm@m@vaﬂ@mdommt;@ww of fibers, for
Dunchéonvérﬁat @deél%?r? 8r ﬁ’lylﬂ\?g%ﬁg (?ﬂ?%? wd elt%&ﬁmg and spin

are I nt a Co non-
mec haiaiyirgy amteia@h\ﬂmelbhal iarthewehi mens/olmltxbadnfmmdéﬂvork for

| oons. edl e Ioo manuf ac f or exa

t he fh@"h\%mf 1.esRan ping then ey E igﬁw cmoccur yanv B the
Eber 4@{1

Asselbll%ﬁg(lvmgo %ﬁ%ﬁ%ﬁggﬁk%ﬂ |é0§ nﬁgg eu punrg%astl?&ﬁbondmg,
bar benydTe@j‘bteeglpm&m Rir be’tangl‘amemhepuaﬂnoaddswm-ﬂﬂneawhemlcally,
| eavi n

f| be S entan ed. var yi the stroke
Lor | P o b 2B ha: 208 Himaly. wﬂb Qe g RpiptfSNd or a
wei ghplepbied HiBeraith aﬂloWéﬂ@nélﬁ?gg)oﬁft el preftsfisd Eb@soligation
be made. WD 2006/ 124825 PCT/ US2006/ 01 14 8 i ne test

conpoméethodis naadle pyeehing @lengphiallewed i ene phifig/other methods.

Bbout e P SITrRIelE o 2heRk Alf@edEe) fore

pr ef er abl yNeed prmhingistadpRizeea hyd#hith vﬂﬁ:& 6fdoBséfbers are
converted into a coherent non-woven fabric by mechanical entanglement
on machinery called needle looms. Needie looms are manufactured, for
example, by the firms of Oskar Dilo Maschinenfabrik KG, Eberbach/N,
Germany, Ferher AG, Linz, Austria and Asselin, Elbeuf, France. During
needle punching, barbed needles punch fiber into the web and withdraw
leaving the fibers entangled. By varying the strokes per minute, the
advance rate of the web, and the weight of the web, a wide range of felt

densities can be made.



Kg/ n2) and nost preferably fromabout 4 to 10 oz/yd2

(0.136 to 0.34 Kg/n2). Preferably, the needl e punch
wdensiy2ss from about 100 to 2000 per squar ePCIAIS2006/018814

(15.5 to 310 punches/cn2) o% web, and nore preferably

from about 200 to 1000 punches/i n2. 1 to 155
punches/ cnt)e 16tk QOW‘QPPeF@OfﬁgFé@V%ﬁ\’% aminaie is pepferably produced

pl ast frﬁ@fé WEB P4V 8 n UreAUidhstly df from bBLEE fko 88'dAKEI0.034 to

under at and pressure sufficient to bond thg plastic
film 163 Keend envre prefarably Honn akoul Ghior2@ oziyte (9.668 to 0.68

; ™ bondi . Li ; "
o1 t "By feers BOR wr e R et Bk oL I o 0B 04
felt Kgﬂﬁz)t reefdrablyl the héetle Pugchaeaishyg isyemt abBut 100 to 2000
applied as a sol utjon, a solid film The

a nelt or as
pl ast Per squareiischs el e ted 10 powchas/car bapwebnand tmerg rieferably

pol yof &f %out%&t@ﬁd@?%%gﬂﬁb?g%ogg ?Be pﬂ@%s/cm%.

pol yi mde; pol'yvin

pol yur et harhef feltris maRea fwdthadrey or tve plasts films onland or both of its
pol yet hyl ene, pol yam de, pol ycarbonat A onomner or .
pol ye‘?ﬁ%ﬁ! SW%‘%& ‘éﬂf;gﬂ"e%t LIS %%%Wafgr@nd the plastic film
t hi ck . HabRut n

pref orattyof SOeegy bl 051K, Crialf s poig agent
bondi isapdiedttoicithpr theeteit drtheplasticdiimi susfacesibedore, mating the felt

conpris from.abhput t,0 _about 10 percent hy weight, .

of T i HARLE I, Thel s bedyBau HR RS € Saltion.
el ast gy@BIdray®Eelid glimhaving a tensile nodul us |ess

t han about 41.3 MPa as neasured by ASTM D638-03. A

wi de vari ef he plasticdimdaselesteshireni thesarane cossisting of salyolefin,
havi n ' u .qhe Ll a
ponc PRy ARRE BaEarbanarRoiomBier Boliida Pk EffoRde.
rmlt e.r;b@lb/est&aﬁanaodvmlletbmggilmel )F!Iﬁfelﬁdbwnthe plalstic film is

ol yi soprene, natural. rubber, et ene- propyl ene
gop%l%’@?@‘}&éﬁwp RE1IdB, By FIRENEIG NG ?bg'l}/W%t,er . Preferably,
pol yst%'e{ﬁlQ@tid’ﬁ]WHEé 8 thRRh¥&L ﬁbﬁg%ﬁut% 068 MRS about 1 mm, and

chl or osul f onat ed pol yet hyl ene, chl or oprene,
pl astinore peefeaiily fronyakdiitdd. 008 nuvitagbdub Ot5/mnpht hal at e

or other pl,asticizers well known in. the art., . .
but adi ene. SRR S RPFP POt & §ifpul i mehtive laminate, it

(i sobsdpREEs B SISHLItEN®) abolRAlOyFsrERhBb e feidhof @5 Ringinate.
pol yet hers, fluroelastoners, silicone el astoners,

t her niBafebil: the hendingragent épan phastemeficspaigriahbaving a tensile

Pr ef ' /

e/ CBUBKRJraR 1R A8 A MP2 o Aiodreq by ASTYIRASEPS

a vinyl ar gnwidecvansng o elaatshmaric aeetigistagd fdrraotions having

el astonmer such as are Pr oduced c _nmér cially by Kraton

Pol yr@RR¥OPFgtely low modulus may be utilized as a bonding agent. For
example, any of the following materials may be employed: polybutadiene
polyisoprene, natural rubber, ethyiene-propylene copolymers, ethylene-
propylene-diene terpolymers, polysulfide polymers, polyurethane
elastomers, chlorosuifonated polyethylene, polychloroprene, plasticized
polyvinylchloride using dioctyl phthalate or other plasticizers well known in
the art, butadiene acrylonitrile elastomers, poly (isobutylene-co-isoprene),
polyacrylates, polyesters, polyethers, fluroelastomers, silicqne elastomers,

thermoplastic elastomers, copolymers of ethylene. Preferably, the bonding



Preferably, the lam nating pressure is from about 100

to 5000 psi (0.690 MPa to 34.5 MPa), The | am nating
woenparasr e when no bondi ng agent is present PC$/US2006/018814

selected with respect to the softening point of the

plastic filmand/or the nelting points of the high

str efkﬂ#ﬁt fid Re-Diodeshdififer b Vinyhatamiatic Mopdnsdrraaos h

pol yethyl ene fibers, the |am nating tenperature is
pr ef evartugated gignepelgstanarsgch amaie presucad copyneialy by Kraton

only &iber Iting above the nelting point of the
pl asté%lgﬁe??r{ﬂ‘gshen the lam nating tenperature is

plr ef er abl %/Pllfelfémibgw&)ﬁé ]’Eamihbﬁng pfésstmim%}s fnonigmk()jmﬁ #0feto 5000 psi
astic ilm. The tenpn j nt. in t .
Shoul (8-690 MP20 T P e o ey IATTInetin e iPRELL WBRH i bonding
poi nt, nttig‘?%e%'felﬁgé Selbiith Léé%eﬁ?idﬂh%%o@fénﬂig p&iht bhthe

hi gh streng ers. en a bondi ng agent is present,
the plasticiti and/oetpemettingepoists efdhedtigustrength fibers. When the

cof t SRl B byt Pl pi AP, fof BEghetidg emperature
bel ovws préRraBY FioRw 100°@to aB0tdhe Wik sie fektl dontainbioaly fibers

strength fiber, whichever is lower. The lamnating
oper anebingheaye thadnglting iointaf the plastia il ethendhe laminating

conpr : j i Ano _ .
prof P 2EE iy BioraB A%, | 0oL oG WERBAINA LGN plastic
of frfgm.about 0.05 g/cnB to 1.5 g/cnB and nore

preferably, from about 0.1 tol. /cnB, Preferabl a

| ani nate ofh ﬁ@ﬂ‘?WOQrRQ”HrP]f@a%o’&ﬁng?Sﬁpt %@ﬂ?&? ?}fa}/ fonsn,

about AOGEn ' ; i i
Schentgg?pgeé%%%rpth mrig Fg{rﬁ’%f tHd @idsfic 4iim or the melting point

ustrates m nate of the invention
100 afaheihigh styengthdiberspidsyed boadinglagertt it pgsent, the
strength fibers and,a plastic fil 20 on one ral .
ur f aeEping- e etde s RBL At 1 segine Bint & Rebonding
| am nadent t@%bbb?thé@&@ni@ﬁam@om Blaysc filfn eptd apelit 20°C below
bondi ng agent 30 between the felt 10 and the plastic

fi | mibemeltigameirs of dhe lawest apelfing iNighs strangtl fearaphichewer is
of thISH)'e vention 300 consisting of a conpressed felt

10 of ig'h strength fibers and plastic films 20 on

bot h | at er al Theribatestingf opdratibamonds ¢ha plastiddilraiowne feit and
Figure 4, a WD 2006/ 12%&95_ PCT/ US2006/ 0188%4 10

| ani neQraPsEsendhe el Making KoacTePARIE Al deRssnBreferably, a

bon BFIGERY 130 ity as b iRt oSy 1.5
i nveng/cor! amaismare prefeyabdy, dram about 0.1 to1.5 g/cm®. Preferably, a
laminate of the invention has an areal density of from about 0.1 Kg/m? to
about 2 Kg/m?.
Figure 1 schematically illustrates a laminate of the invention 100
consisting of a compressed felt 10 of high strength fibers and a plastic film
20 on one lateral surface of the felt 10. As shown in Figure 2, a laminate
of the invention 200 may have an optional bonding agent 30 between the
felt 10 and the plastic film 20. r
Figure 3 schematically illustrates a laminate of the invention 300
consisting of a compressed felt 10 of high strength fibers and plastic films

20 on both lateral surfaces of the laminate 300. As shown in Figure 4, a



bendi ng nodul us as nmeasured by ASTM D747-93. A | ow

apparent bendi ng nodul us is equivalent to high
woheaosibad2sty. High flexibility insures that tReT/US2006/018814

lam nate will readily confddmto a human body

Preferably, a |am nat t he .i nventi on

par EHiN e g THCT AU MARLE B o0 St Bolgingagent 30

(137 nYRE GatRF AR RREY Jf @610 BAR p’l@ﬁlﬂﬂlﬁls@o (69

KPa), and nost preferably |ess than about 2 psi.(13.7

KPa), as neaduetaiably, asniata pf 48 invanterobagea low apparent

or s MR Ao Rlred SRS T G e e

i n f a@@d:ﬁ? ndsculus & @dim%léht 1 highgleibility. hengmne)a.atn@,slnsures
are connected only in an_edge portion, preferabl

11t hPhg1e Byninaia il Tragh SaFeTPAPE BimanboRa mrelraby. a

§ t
b of ot AR hehtn S 7 abgafint Blndind MEAAHATS less than
anot h@h&olgc'l’m_spﬁg%mﬁae)sme tprﬁerabmmssctharrwbogl% psi é]69 KPa),
cont ai ned wi t hi uc 0 rably, the
art1 caes Mo are P RaRInAR POLE AT K ] Algds faeastied by
17 qu—g‘ ggﬁbg,gran) fragnent si nul ating projectiles

descri be M L-P- 46593A, a V50 velocity of at |east
about 1800|rf aniadber e(smgdrmsretc)he lveptien fs @n aginle ggmprising two or

b

e Pk bRt & Bl R A8 Bt R % et

t han istignship, WRersinhasamithtey ardbbnSddied 0aky inTdeed§8 portion,
veIOC|ty|sthat velocity at which a (l)'{[q?Ctlle has a

50% Rietabiv by §tlt@hmserﬁe\f rdtly Hyam ﬁéga% re.is mﬁeant the area
h :
SPECi | hf; %[lﬁfm @pﬁ:ﬂéglt g%;?&?ENWS%&%ée | grcef?%l%%qdy} mates are

ener gy of $he proj ect
by t heot comewelctedietasoriey anbthiehe Thetassemblieh ef ﬁi‘ﬁAldvemtlolg may be

units of Joleaﬂnﬂ/K Pref er bI , the article is
r esi stH@INE W IBHOL5N -ed objects, having
agai nst t hPref@r@ﬂH %ﬁé %?‘tl&@'lé‘l?alhéﬁkfaﬂ?treﬁgta%t Sﬁé\}u@ against the 17

ener gy of a penetration depth in
mlli gretref‘m gaamr)rﬁagm@d siipulkting grojedtied degeribed by MIL-P-

penet 152 T DLRP Nelarly 9178 okt PRl a0 BEeR (Ri ysec). a specitic
| b/ f té’ner@i@b@br Idn%ﬂl&)l&iffbt Iemat ebdt 50rbinRlikg Ah8a back face
Density, WD 2006/ 124825 PCT/ US2006/ 018814 11

A f urcﬂeﬁ‘@rmemat henY S0 velasdy iohlasstthan abouhad spm ag eeasured by

conpr gor nore of the inventive |am nates
havi n“élﬁa%g-%gé)‘?hg materi al between the felt surfaces

and the plHisé M&Ofvdlagityde sieat VedociybatwehicMaepreiattildkas a 50%

' am n}?rto%ablllty of penetrating the article. The specific energy absorption (SEA)
is the kinetic energy of the projectile at the V50 velocity divided by the
areal density of the article, the SEA having units of Joules-m?%/Kg.

Preferably, the article is resistant to penetration by pointed objects,
having against the “engineered spike” threat at a strike energy of 36
Joules, a penetration depth in millimeters, as measured by NIJ Standard
01150.00, Sept. 2000, satisfying the following inequality:

Penetration Depth, mm < 45/ Article Areal Density, Ib/ft?

(Penetration Depth, mm <220/ Article Areal Density, Kg/m?).



are bonded together in face-to-face relationship. Yet

anot her enbodi nent is an article conprising one or
wounom/1eds26he i nventive | am nates descri bed ab8ee/uSm06/018814

conbination with one or nori@¢ fibrous |ayers sel ected

fromthe group consisting of woven sheets of high

strength f wbéwéhersemb@@mﬁmt@ﬁﬂmnaengmraia aym adicde domprising two

8][ oiﬁlcg'xr{lqgfje t%lg |ﬁvéergf\‘/%tlgmélﬁég§§ h v{n@oa Rpaﬁlrn'g;(rpgfeéllaﬁbetween the

fiber §eltamfaae§dndmh@pldsaetfnlm fesanbesiaatsbval Whéélhecﬁgtlé‘mmates
fi bers havi ng a tenacHécgof at | east about 17 g/

wher eidfepRdedipgeiber Ky ‘thfGC@ Flatignetipi ve
l'am nates ayg aﬂo@ﬁgre%n#ﬁ@l afrﬁ‘tﬁg cloﬂ?ér?sarg gne ofmore of the

rel ati onship. A st urt her e od| men
conpr msverglverianmatee desofibed abovmvea:Hmbmahamv\nat &3e or more

preV| scr ination with arig

pl at e %st%é(ﬁrﬁ‘ §%ﬁp§eﬁgf gﬁ% IERHRS PRAFIBHNDP! Wgﬁ%ﬁbe@ls of high
woven slfﬂea et |

t oget her : bshe%e?gggne%t%log% Pgaﬁléllyg?l d’:ﬁ" angr%gggﬁled high strength
plied f'hiegwnsﬂ MEigX, rsrfaetbeofsumaxazllmlgnad abdnztesis-plied high strength

or oes TEPTe AN GREED 2 Rpent bl bl B St having a tenaciy

pl ast iof at |dast abdubvngrt vimgeintee: fibkbes RiyBrd Eﬁd thdirflentive
plate and the inventive |am nates are stacked

t oget IRPINAEY Atestaskediagataerinifanshe-facevejationshin. her
enbodi ment A stiipRriel bgrle)d‘ﬁﬂgﬂf s GrticR & él‘lg‘ﬁé >r& or more of

t he pr evi ous Yy aescri I'nventive l'am ha

conbi the inventive taninaias previdustyedésaritved ih icomiAnSorawits a rigid
a gl as ed conposi t a ceLamc fill

ed
con‘pog’fqt% Sege &?%QQ”} hey %@“E&ﬁ’ﬁ§§?9€ ofng @efeé?frmven high strength
wher efifefshif & hﬂaltﬁk Hndks té@@thbpesHe@t’seaf bMSXiaﬂg‘eﬁgﬁS& and cross-

are stacked together in face-to-face relat
The f Bliedhghgstesngtpifibsrsainea prateix mardedotogether, dandasheete of

conpl n ve The eci fj

¢ eohnt A EXEILALREAUC oS el igh SE B Sioer P Rated 1 2

r epor pedtid4ilra aselt bdrfedntogettidr] whéfe thd h@id%lét%cérm e inventive
of the invention are exe | ary and should not be

const [ATEA3ies arermtackpy togethesdiy frcasto-tase relationshipn. WO

(ng?rggrla?\??\z/é @W@ﬁw&'%ﬁ%m W@ﬁ%rlsmrﬂne or more of

hi gh 8tereneyiduspodesribedemeentvenaimvateg in sotrdirtiohyw a rigid
30 g/d astj ed b ASTM D2256- 02, cormerm ally

avai | %lﬁ'? it 8[ass: A sheirpliled camposite, a ceramic-
SPECTRRr éorﬂQQSIYe?rd‘glag‘éﬁﬁlled composite and a cermet; wherein the rigid

plate and the inventive laminates are stacked together in face-to-face
relationship.

The following examples are presented to provide a more complete
understanding of the invention. The specific techniques, conditions,
materials, proportions and reported data set forth to illustrate the principles

of the invention are exemplary and should not be construed as limiting the
scope of the invention.



chopped into lengths of 1.5 inches (3.81 cm. A

non-woven web of randomy oriented, |oosely connected
waizgis/1242engt h fi bers was fornmed from these fPOEUS2009/018814

Tex Tech Industries, Portlaad, ME. The web was needl e

punched at a punch density ypbghes/in2 (93
punches/cnR) to produce a &gﬂ gwaw ng an areal

densi of 0z/yd2 (i) 7 Kg/ nm2) and thickness of

0. 155%@@—3@%—%@—%’ he apparent bendi ng nodul us of

the felt Ahemio d@sieRERROUfiIaGthRY, h‘@TMr@ﬁé’fﬁ&ﬁyeMbnb y&#in having
psi (10.3 KPa). Thi rt'een unconnected sheets_of

f eI t hdenaglyddftheidmas measured by ASTM 02256492, &ﬁf&mﬂc'a"y

Cr) BT el AR 55l L4 S FRARG00 yarn, was

st aClécl@cﬁp;ﬁ@i ints haewjtlss wg?o 5 mblgm)(éﬁ%mn)nd\ nbe-veolgasweh of

an edge tion and subjected to tic, testin

o L SHindstnl: orlpatery 1a95a)y gPRNeaSd TRy EnGth fien was med from
si ml fﬁf % E% %{eﬁé% T&h (fd%@iraé@.e%ﬂlé’rﬁxd N¥. The web was needle

M L-P e results of the ball |st|c testin
are shonchedaf alpluach desisiiyvof 60Apanabes/in’E3meinehgs/am’) to

hi gh strength | ene fiber fel e 4L

ot natof e riERER PR Rean Al doBxiivdl B S B R and
in a HiggfesA 0. ¢9M&ﬁ@e®btﬁ&m?0¢h§%pp(ale&&)é%m ﬁtocmlus of the
tenperature of 116C for one hour. At the end of

ti ne, felhehesinps sweasyred by AREMASAA83, wash i Esb(ﬂé)s?s KPa).

modul us. of TRISSOTRESTRE s bF e PAFhERhg Wi EhERng of 161n

E§| t6 ig@ih (4gscma$Uﬁmd r\4\&93‘;@ A&Wbdmiﬁeé)fb-fe}msremtmsbipi. The
a Thirteen_hi en er
felt @Hﬂ&l@ sonsigfing ehihe g0 t"ﬁ2535d%‘§)c¢1¥03e§¥?'ﬁ oFtel hdets was
Co
”paﬁ%]tn'leﬁ! g@'g@l ?sh ﬁ’\ Al é&ﬁljé;gohﬂﬂﬁéﬁ’c%uﬁ]@%%dt@: ballistic

face wer e ed INn a press and
conpr &sxtiag w NmosTEpﬁﬁzglueﬂngﬁagram (a1 tgéamérfaagmenbwmulatmg

116C f At th

L0 LRlaZgs IR ol 1 le hgon! 9B ek g patistc
to r%gﬁnbeé@W@Ta'mgmétdwl e consisting of the 16

inx 16 in x 0.325 in (41 WO 2006/ 124825

PCT/ USznopacathe BExample® x 41 cm x 0.826 cm) stack of

conpressed

' The: edgé fghaTET RTRH G Per RENRRL [deDtBadBtnat
in a deBevittsd ind€otripadativeoE kdrapledt swasi ;ﬁaded in a press and
Conpar ative Exanple 1. The W:i?glts of the balli

test i REMIAr@sIAbARIPFHHS 2 teppspiuge pf 1 188¢ Sor one hour.

At the end of this time, the compressed felt was removed from the press

and cooled to room temperature. The apparent bending modulus of the
0.022 inch (0.056 cm) thick compressed felt sheet, as measured by ASTM
D747-93, was 0.53 psi (3.6 KPa).

Thirteen high strength polyethylene fiber felt sheets identical to
those described in Comparative Example 1 were stacked together face-to-
face. The stacked sheets were placed in a press and compressed at 20C
psi (1.38 MPa) at a temperature of 116°C for one hour. At the end of this
time, the compressed stack was removed from the press and cooled to

room temperature. The article consisting of the 16 in x 16 in x 0.325 in (41



A high strength polyethylene fiber felt sheet

identical to that described in Conparative Exanple 1
woasosphk#eed on a 0.00035 in (0.0089 my thickPCTRS206/018814

| ow density polyethylene filBm The ensenble of the

felt sheet and plastic filmwas placed in a press and

conpr essed1 aim 2([1)826 icm)(slac%ofM?m)praaSsad feltrplesets was olamped

116C f t d .of t i . L .
e naturght Sa5%s rohel aioe BYtiA abdubicetod to Palistic tesging in a
| at er alanpier idGRicaPlo thBedEStribathin CSNBYRAVE BEMIE 1. The results

press and cooled to room tenperature. The apparent
bendi afithedehllistic tektingar@sioaaniimdabled. @86wem) t hi ck

| am n L8 f 4he invention, as nmeasured by ASTM
gé mggg 1O . :

D747- 61 psi (4.2 KPa). Exanple 2 Thirteen

| ani nat es peiigh retr@ngfhegol tHyfén@%’é?'f@lt %hééﬂldéhﬁé‘éﬂqg that
toget her face-to-face. e article of the inventi

consi §e$¢f@>e@klntqa@ﬂgﬁ@aiwecﬁxaruw@ohweﬂéuoé@pqdaﬂm AR 69,035 in (0.008¢

havi ng, tﬁgdptr%é? 18k d%ﬁﬁlt%égéwéhém% 5¥hg%g§éhp1§ 0¥ the felt

41 cm X around it's

edge plmedetlami plastﬂc filnb mest e cdabinta brésst ared bembiré@édlatazoo psi
manne Eég tha de crihb

Exanp| Taee RS eag Tohene PN aPatheseng péthis
articlige, amaé R ed ln%nﬂcf)n hB86in Wﬁré %)I‘é'sﬁ [hg olrne@%% Fa\?veral surface

of the ballistic testing are sho
Exanpbkthe falt Waghresnovathirompbe yeess brtheobledeto rbeht temperature.

heet to th d ' i Co ' . .
ExanpT b SRRAE Bt e BERINBED i PR e i thjck laminate
)t 6 1l ihidein, leeWheaaFebyRREYRE DY A 213, WaJsr@mbz; 2 KPa).
ensenble of the felt sheet sandw ched between pl astic

fi| meEXample2ced in a press and conpressed at 200 psi

(1.38 MpPa) T?ﬁce%n ISFFR%QL We?eg)f?%élrgﬁa{ﬁﬁé s eﬁl%%ﬁndé’lacked

the end of a l'am
havi n@gptm'tfaceitm-lfam ohhe betide sﬂt‘rfeameSnNmswmm@of the stack of

fromthe pre nd cooled to oomtenperature
appar@morﬁ"ﬁgﬁ%%nﬁﬁaﬁ% aying @963@25‘? ﬁ‘@H”(’@W)BBSO\/@'” (41

2006/ 44482 cRCTH\EX M6/ RWaSBibnpekfafdihdti &% Ssam tﬂ@te%ge portion

of the invention, as measure y ASTM D 4
1. 65 @d Sl(lbjgctemdf)alhsﬂcatﬁpilm i Thiarnes iderdictahtd ﬂﬂsat weseribed in

Face. rarPaaive kARl TRt talRERe ioane of o artice.

of t f@o@bﬁﬂ&geﬂfestbﬂﬁ@ @ﬁfdl@dnbl&@émﬁé &6thashilsti¢i tBSting are shown
di nensions of 16 in x 16 in x 0.4
in Table | below.

Example 3

A high strength polyethylene fiber felt sheet identical to that
described in Comparative Example 1 was placed between two 0.00035 in
(0.0089 mm) thick linear low density polyethylene films. The ensemble of
the felt sheet sandwiched between plastic films was placed in a press and
compressed at 200 psi (1.38 MPa) at a temperature of 116°C for one hour.
At the end of this time, a laminate of the invention having plastic fiims on
both surfaces was removed from the press and cooled to room
temperature. The apparent bending modulus of the 0.025 inch (0.0635



in (41 cmx 31 cmx 1.16 cm, was clanped around its

edges in the edge portion and subjected to ballistic
woestsigg2sn a nmanner identical to that descri bedTius2006/018814

Conparative Exanple 1. Sondl4properties of the article

and results of the balljstic testln ar e, shown

Tabl eCm)BEIC!S\A?mE}?é?rﬁF thesinxeRiigh A% e B §\§TMPJ.4€ 93, was

flberﬁqgé %Ei ntlcal to that described in

Conpar a 1 was coated on both surfaces with

a C\Exahplade solutlon of a styrene-isoprene-styrene

bl k . KRATON( r 1107 |
bondi ng. agdMTeaL B G G R PAG e 1 ERATPIE.3 and stacked

modul ysyhet PR eheTaEa0 TRESHICISRS 1RO thvBStiok le@¥Emy SRthe stack
measured by ASTM D638-03. The coated felt sheet was

pl aceof bacowmcteduaminatEzoasd having dvoggsienp af Hiccik x 16 in x 0.455

of " nin LERPAE Lt BRHTCE A el totiie T SEHR P the edge

fil s peptfon MdsaisiecidatosAtiticanstimpind ﬂ‘i@ﬁ@r@deﬂ%l ﬂ:Sthat
(1.38 MPa) at_ a tenperature of 116C for one_hour.

t he eﬁ@sgmb%ins%marata’q Examalee oBoneepionpesting ehthe farticle and
havi ”Q%él{lé%f'tﬁ fb'alllgﬁiz ;{’éhtl?ﬁ oY o&ﬁ%ﬁé&l |%e'RRA?d' ng

agent bet ween pllastic fil
r enov &xkaimple § he press and cool ed to room

br epar odad NN SHERgHEPeNay Tt iRadeR sBaet Hgntical o that
face- Hasédssd mT(ﬁSnﬁ%Pétﬁ)eeEﬁ’émf)iée“l Wé\‘éed?ota'téﬂ‘oﬁ%b?th sliBBes with a
of the stack of unconnected |am nates, having

di mensydabexdne solutior of @ stwemeesmsnerstmne kieclk cagolymer

por 1 BSRATQNET: L B7EEReBH U bl oG EEER . G0 B9 Lhying. The
rmnneélasﬁerirhomhs b tHebBdnding @gehewasrzommmwe) as measured
Exanmpl e 1. gropertleso the article and the

resul bY AﬁTMtEP@ A1 ida eoated felhghegtavasplasedbetwsee two

b OSSR BRI TRRRSHBAR e fol 038R e, The
Exanpkeesemie bhibeasdated &t sHedtisandwichedi netweeneplastic films was

ficantly different f th ,
St pr PLCRGITY & fiRgs ErEidoraereared AL 20 peht1-3% VIR fiytemperature

pl ast b 14 64CRorUhd éurt %ﬂth@@ﬁd%%@twﬁ@%nfﬁ'é@of the invention
reduced back face defornmation as conpared to the

ei t hehaving plagtinfimssyeloty swiagsseuwska boﬂdmgsagﬁnttheéween the felt
CompaL A I pRSHTRIGS Wl i dtPrroMRk EsBRERBIEY to room

st opp
temperature.

Example 6

Thirteen laminates were prepared as in Example 5 and stacked
together face-to-face. The article of the invention consisting of the stack of
unconnected laminates, having dimensions of 16 in x 16 in x 0.975 in (41
cm x 41 cm x 2.48 cm), was clamped around its edges in the edge portion
and subjected to ballistic testing in a manner identical to that described in
Comparative Example 1. Some properties of the article and the results of

the ballistic testing are shown in Table |.



additionally nmust protect the wearer against "blunt
trauma". |f the projectile causes excessive back face

wdebwrizses on of the arnor, serious injury or evenuse@biissi4
may result. It is seen thatisthe articles of the
invention, formed fromthe |lamnates of th

i nvent i on, !tas eeppthatdhp Mi0aang SEAY ©et thedelfs q{hﬁgpﬁ’goegatlve
| |
f’ﬁf’u??‘é'{‘?@ 0 6hd B iR es T8 MR e Rnch AR Wiferent

why t frem oweahbtherwbldessver, surpasinglyi, éhweedrtichest ofathe invention

e ha B IoS A U BF 151t S4ABRH{SS STPRBAP LR Fpuced back face

fiber I gr d
60 fi ?2%‘3@??‘5@%#%” en Jﬁ“"g%%ﬁ%ﬁ?%ﬁ‘ﬁ;ﬁ&%*ﬁ%@?’Eggg‘messe

t enacfdlty affthe € anparatv oees.by  ASTM D2256- 02,

oo SRl B0 ol RS kbt Brak 8 ahe
| engt BédiﬂBn§|th1Lié@Bﬁﬁeét7th§3v§dfkr agaih80blgstttimal. §the

denier/fil igh strength aram d yarn produced by
Teiji nrmﬁﬂwauﬁ@s RYGESHY abagleirgeideformpation @Meﬁmor serious

gv.s 85:1{@%@ of (@%ggéé%ﬁ%%@aﬁ}ﬁr?esms Iﬁ? ggcgégfnh% arjtlﬁl'é%t $h&@finvention,

choppfgmed ﬂﬁ@hﬁth%ﬁm:rﬁtmdf&me lgvétﬁﬂcﬁﬂ ane Mot %apable of eﬁ’ectlvely
proportions and a non-woven we ent ed

| ooseﬁ&QP@mﬁw%@F@&CW?g?rﬁ‘\ggﬁeﬂéﬁ@%hﬁ|pr9é?'§ q(ilg%r %HP{T{;@UW Ihjury.
fromt heseV\flliﬁbﬁft%eme@ dﬂ@?ﬂ td %Cﬁ‘ar’uﬁgllé?fﬂécﬁ‘f? ’of Rﬁfytthéﬁﬁiventlon works,

ME. The web was I e punched at a punch dénsity of
600 piiieheligvathsa mamafésv surfgce henglicialiyathanges|the

sheet ha an_areal ..d t f .7 0,24 n2
and AISERABREH 8 Mistastion anasoRue A i pheis]t 2 ™
unconwﬁgﬁraih@egﬁamwé bl s fel t havi ng di nensi ons of
16 in"X I6 1n (41 cmX were stacked in

face-to- faé&?@ﬁanrearﬁaﬂwﬂﬂameméﬂgaﬁtreagw peisihyiengyyamn having a

5 g o ATl gh S s et

PCT/ USQ@%JI@ir&&iHoné@wEll Irtbrratiobll Dc: 6s SPEOTRAGCYB0Ghyarn, was
E0) CRoppad tito langthSbt 3.0 inches (7.62 cm). A 1000 denier, 1.5 denier/fi
high strength aramid yarn produced by Teijin Twaron and having a

tenacity of 25 g/d as measured by ASTM D2256-02 was chopped into

lengths of 3.0 inches (7.62 cm). The polyethylene and aramid chopped

fibers were blended in 50/50 wt%/wt% proportions and a non-woven web
of randomly oriented, loosely connected high strength fibers was formed
from these fibers by Tex Tech Industries, Portland, ME. The web was
needle punched at a punch density of 600 punches/in® (93 punches/cm?)
to produce a felt sheet having an areal density of 7 ozlyd? (0.24 Kg/m?)
and thickness of 0.12 inch (0.305 cm).

Fifteen unconnected sheets of this felt having dimensions of 16 in x
16 in (41 cm x 41 cm) were stacked in face-to-face relationship. The
article consisting of the 2.02 in. (5.14 cm) thick stack of felt sheets was

clamped around its edges
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17 in the edge portion and subjected to ballistic

testing by ML-STD- 662E, using 17 grain (1.1 gram,
wonrewnes2ssi nul ating projectiles (FSP) descri bed/uso6/018814
M L- P-46593A. The results df7 the ballistic testing are
shown in Table Il below. 5 Exanple 7 A high strength

pol yet hyl ene/aram d felt sheet identical to that

et Do T G PRy B g et oo

pol ye6bIE ensing i17ngraint (et gr@amﬂagmént ai:tmla‘tiﬂgtpm]mﬁtes (FSP)

2?3(]':/“ gggd e V\@@E ﬁ4§8§#%§sfﬁhefe§% ggeﬂlést tesgrrmge g?e shown

te”pefr\af#élélpﬁel%ﬁc for one hour. At the end of this
am nate of the invention having plastic filns

ons bExbmmplef/aces was rermved fromthe press and

Cam net co AJFEh s EBRFLAD Gy e o  hia  a

t oget B@écrfb@aeintc@omasmlva@(aaﬁmecﬂ Wa8fpldder! betwesrin taid 0.00035 in
consi st ng% the stack of unconnected | am nates,
AYN

havi n¢p.a9 biclolineas low densdy palyetiyiene filing.4The grsgmble of

:é gg%ri%ltgs%e‘ég%gné‘@%h %’%ﬁ?eﬁ@%ﬁ% f h]h§ v{féjé;@%cbg irh g}ress and

Wnebom@%e@?ﬂét 200 ;béiqtl 3ga9Pa) bed ’tenmpéﬁat@m*rpm wqo/f-nr one hour.
. Sone pro rties. of iq?gw]artlcle @

of ¥ hé\t t"!?a?'ﬂ‘i’ of tHis e, » Brigmipate nventap e V\ﬁg Gplfims on

Exanphidedirdiedvad [y Rk @ipress anaicipiet fd fdm

felt sheet entlca cribed i n Conparative
Exanptemp@erafigecoat ed on both surfaces with 25 a

cycl opexan ol ution of a styrene-isoprene-styrene
bl ock%@ﬁb@%&er (KRATON(r) D 1107) el astomeric bonding
agent, fol Fawes [Bknigkites lerePﬂ@pal%Haéd InCE XarelpleUn aﬁﬁ sttem(ed

bondi ng agent was 200 38MPa) as neasured

ASTM estherFacerie-faeat &he faémqle 958@ in¥gBtign §@@%!SB'@Q @éﬁ\e stack of
9
poI yep H%)enet#(ly]fa(nr@pgg%é hgg?n gads]e%lswn%?& : éewcl:&ogﬁ ktde'/?? in (41

sheet cﬁﬂndWonthZ EQBt:mﬁeWaslcmped Broursl it@edgesd acihe edye portion
a press and conpre 1 38

t en‘pel’ﬂ‘ﬁﬁi gHRiects '591%% ?t!frteéﬁ'ég h’g tmertlﬁgn@g?&?%ﬁhqttq%cnbed in
PC6IIE Ugggg%%q%%ﬁgﬁfw? 'SbYﬁé‘bf@dbrﬁ@s BPRRY 2ABR2and results of the

ballistic testing are shown in Table Il below.

Example 9
A high strength polyethylene/aramid fiber felt sheet identical to

thatdescribed in Comparative Example 3 was coated on both surfaces with

25  a cyclohexane solution of a styrene-isoprene-styrene block copolymer
(KRATON® D 1107) elastomeric bonding agent, followed by drying. The
elastic modulus of the bonding agent was 200 psi (1.38MPa) as measured
by ASTM D638-03. The coated felt sheet was placed between two
0.00035 in (0.0089 mm) thick linear low density polyethylene films. The

30  ensemble of the coated felt sheet sandwiched between plastic films was
placed in a press and compressed at 200 psi (1.38 MPa) at a temperature
of 116°C for one hour. At the end of this time, a laminate of the invention



having plastic filnms on both surfaces and a bondi ng

agent between the felt and the plastic filns was
woenwved2from t he press and cooled to room PCT/US2006/018814

tenperature. Exanple 10 5 H8fteen | am nates were

prepared as in Exanple 9 and stacked together

face-to-face. The article of the invention consisting

i monay BAES BieRi MRS ORAEEh Sy GEh R B o kb Hent oepeen the fe

3. 07 amd theaslasliafifreriwas oemadved fropsl 8espiddstdiRl €5KI&d to room
porti Q[n and . subjected to ballistic testing in a

manner®MPEGAAIURl to that described in 1o Conparative
Exanplgey gmpﬁpqg properties of the article and results

of the ic testing are shown in Table Il bel ow
Thé assenblFifisenfaminatéswers papaned as do Exachpia Okarfdsiacked

def Exanpl e 4 15 GOLD FL
mat or H§§é@‘86 ki) é‘Pﬁy\ﬁ\?a?f%g% < the é@ﬁ%'ﬁ@ﬁwsrs(tmg of the stack of
| nt er naidoRnakteliNgminatés ahaviky e#ﬁ%@g@@a i8R ANP21 in (41cm

materi al consisting of four
uni axiet1 grax Bdieemhivas clasipal arountiitsredgasangha edge portion and

j | i dat ed t
oo QubIBEa o b AL SRR Satd l Bbiea
GaoLD mcﬁ»(par)atunatae«anmlewersomtea;ﬁbﬁélrttegqﬂﬁ@ ariicie @nd%@sults of the:
t o- fa%%”‘s create an article having di nensi ons of

in x ¢ fegfingiaye; showmin Takig lliaelew x 0. 549 cm and
an ar eal d%é%ée?ﬁblfésjéftﬁg/ ntlgﬂ%aﬁtrgaéa%cgg) E?T?%

FLEX(r) materi | anped around tTh
edge dsfmmaim)nand subjected to ballistic testing as

descr:gtzojd LN !Coigar at IIV% Exanple 1. The results were
as fo ar sec SEA: 35 J-nR/Kg
Exanple 11 GEDKDHQBb@Wét@ﬂSI ﬁ:bﬁﬁﬁeﬂcﬁ%& E)é(bl%fflrérhgﬁonecywell

|nvent|on were prepared as descri be
st ac k bHefnatienaeinct, de é-ftbcﬁom%lc@mpasmsoﬁ Iaemm mﬂtenﬁDconSIstmg of

St oneir ik df Binfadll figiel MRS b Ha b sl Efoth Stamid fibers

t oget mea niatcir - ¢ansbtidated With pla@ﬁk flﬁﬁs ohEb’Btﬁ BT sutBges.
mven%l on 50 a tack of LEX(r) fibrous WO

2006/ ?X@@@eﬁ@hﬁegz ﬂ#ﬁﬁ&&xﬁma&%ﬁimm@t@ﬁmt@gemer face-
wey € fnfenetrédekart AitRCKadsy WirhdsibRL 88 16T & 0 216 in

(41 cm x 41 cm x 0.549 cm) and an areal density of 4.11 kg/m?. The stack
of GOLD FLEX® material was clamped around the edges in the edge
portion and subjected to ballistic testing as described in Comparative
Example 1. The results were as follows:
25 V50: 511 m/sec
SEA: 35 J-m%Kg
Example 11
Six polyethylene fiber laminates of the invention were prepared as
described in Example 3 and stacked together face-to-face. Eight sheets of
30  GOLD FLEX® uniaxially aligned and cross-plied high strength aramid

fibers in a matrix were stacked together face-to-face. The stack of
laminates of the invention 50 and the stack of GOLD FLEX® fibrous



5toforman article of the invention 500. The article

had di nensions of 16 in x 16 in x 0.216 in (41 cmx
wa20mma828. 549cm) and an areal density of 3. 68CKEK26/018814

This article was cl anped ari®und the edges in the edge

5 portion and subjected to ballistic testing as

described in Conparative Exanple 1. The projectile 70

ent er i i j : S| fit ' S

ey S PEOLYREN U0 4ol 5By gl L i n e

51 J- n@x«@rmrz@mﬂaaﬂﬂﬁﬂnmww.emé&aﬁéle Hed dimddsions of 16

o co co 0 a mr r Dfn
In@% (38'\%}@ B (A?Dmd( 4ﬂ/|cr@x 0. équégn)qgﬂd ennarealdensity of

n cn Qse@ /r@ZOThQ,Oa réqN g

n oo @ k\é/ rfﬁc a c%ﬁé@gﬂﬂd éhe\(ﬁ/cﬁe%% tl%édge

cu’ pomon and subjected to balllstlc testing as described in Comparative

Example 1. The projectile 70 entered the inventive laminate side of the
article.

The results were as follows:
V50: 582 m/sec
10 SEA: 51 J-m%Kg
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Exanpl e 12 Seven pol yet hyl ene/aram d fi ber

of the invention were prepared as described in

Exanpl e 7 and stacked together face-to-face. Eight

sheets of GOLD FLEX(r) uniaxially aligned and

cross-plied high 5 strength aramd fibers in a matrix

were stacked together face-to-face. The stack of

| am nates of the invention and the stack of GOLD

FLEX(r) sheets were conbi ned back-to-back as

i ated—i-n—Figure 5 to formTan article of wthe
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0.993cm and an areal density of 4.10 kg/nR. This

article was clanped io around the edges in the edge
weoandeiie#s2and subjected to ballistic testing asPCT/US2006/018814

described in Conparative Bxanple 1. The projectile 70

entered the inventive |lam nate side of the article.

The resul t re as follows: V50: 520 m sec 15 SEA

36 J- Eﬁ-’lﬂ@i—gnparative Exanpl e 5 Twenty-si x hi gh

SLV engt h DS%\Y%A ley@ﬂﬁ/IénéJGn’anﬁldlftb@ hereinatéslofthiedialettion were

that described In arative Exa ked

! oget eparestes desoTbRbn BXAMBIET aBaRFHANEPEetiEg dacs o-face.

Lhe. SEght BRELAAR FORDTBRRL Gl Aid @ ARG ol Sichigh

t e ﬁﬂertgtla@eammdﬂmrshn Bhaatrmmgemesiaekietimgeéher fahe—to-face The

Exanpt 80R OF g s e Teyerdentse o THOR A GILS FyEX® shests
al i gngdragohmbinssatik ®dbck &4 MlskhicdnatHigavedntslidrirPgn article of

ina matrix were stacked together face-to-face,
cl anptse invemtidnehadng ditdensiens oédgés xi 19 mneoé@dm (41cm x 41 cm x

o EBGPEE Y S5 Kot R0 S BEISA8 ERroec

bl adeaupdwhé Rdgle in fﬂtﬂe@%@ b@dl(ﬁmﬁ@subﬁb’@d tesbdlliﬁlceteetlng as
presented in Table I1] le 13 A high strength

pol yedesaried in .%ﬂpa@weﬁa@@pleden%% arm%ﬂl@ R&tentered the
descr wa ted on both
Sur 1 al0giNe AR SHp 7 1 80R G ) USS006 018814 22

cycl ohexan€hs eésulisonea asfdloysene- i sopr ene- st yrene
bl ock copo] yie RATO\l(r) D 1107) el astomeric
bondi ng aggﬁp E’?Q)f"! ®%ed by drying. The felt was

placed bet gyean3pWRPHl0 in (0.254 nm) thick

pol ycarbonate plastic filnms. The ensenble of the felt

sheet CompauativedExgmpteeh pl astic 5 filnms was placed in

? e ﬁ;gf zt 3?3""89 iléésgetb ﬁ?’%ﬂi&o o féth&%hgﬁ é)'ggﬁ%lt gﬁe%ﬁlndentical to

ti e, that baseMEinodCompatativevEexdrmple hwar@gtadk@attogether face-to-
films on both surfaces was. renoved fromthe

pre
and c@@eealampecb%rmunéﬁﬁ@v gdges in feeergeragion %&S‘Jblec'fed to
E‘%&ﬁ?% 4p rQé‘i% ﬁlﬁééﬁhaﬁi 0395608258p2%2000 with the
eri a as | l'ustrate
P1 blade and with the “engineered spike”. The results are presented in
Table 11l
Comparative Example 6
Thirty sheets of GOLD FLEX® uniaxially aligned and cross-plied

25 high strength aramid fibers in a matrix were stacked together face-to-face,

clamped together around their edges in the edge portion and subjected to
testing for stab resistance by NIJ Standard 01150.00, Sept. 2000, with the
P1 blade and with the “engineered spike”. The restuits are presented in
Table lll.

30 Example 13
A high strength polyethylene fiber felt sheet identical to that

described in Comparative Example 1 was coated on both surfaces with a



to Figure 5 to forman article of the invention. This

article was subjected to testing for stab resistance
woypoddi24828t andard 01150. 00, Sept. 2000, w th tReTR$2006/018814

bl ade. A second identical 2article was test ed by NI J

St andard 01150. 00, Sept. 2000, wth the "engineered

spi ke e inve h

- esul proionSarR Sl et BRIaNG R REE p YT T ERK qdptymer

| ani NEKRATON® e 1 | OWesibis ety l@ormlﬁ@agedt If@llawed by drylng The

identical manner to that des

St ackiat wag BlaRed halbeep QworLa L0 k254 A5 Bk BbRatigate
was sé %'ﬁ&‘i‘. rﬁ%ﬁh@%ng%ﬂeb@f é‘MeIe'i’s %lcﬁbag?t\%en plastic

30 sh eria aS| ustra
Fi gur ﬁln& WGs p‘lmed iara prasiscre odmpressied\ed 200qrsi (T BBsMPa) ata

article was subj.ect totetlng |sta .

by NI terRpaiaiedt cPrEE fggonegHr égﬁt? g Bhtrig e, 316finate of
bl adetpe rﬁvéﬁﬁé’ﬁ‘ Fla{nﬁgrﬂléé?{ﬁﬂ fllﬁfstderGthV@ﬁféc%%t\ﬁé% Féh'lb’l/e]d from the
St andard 01150.0 0, wth the "engi neered

sEu kebresl'srmd ovalad |tcyeo¢rartem@eé%tufec$heﬂm1r@$e wasgrlaced back-to-
T t T
Lo BEHHE kR SE R0 L ARYD ELbg A e

I dent FRpre 5W0RH dnoartiBrt oftR& GMivditidni N Exanpl e 13 and
st acked together face-to- face. The stack of | am nates

was st acked sogdiciearapaeiiectrcbiedRsiing for:stap resisiarcebdy NiJ

30 sheg .
Fi gur & qé’r b Oﬁq‘é'm an@%’t& C?% g/‘uf hgqﬂ] \?g’{rﬁéls olr\] %E?ﬂnd fHentical
art| Cbﬁld@msubstedtmmuosm@ammﬂﬁm 00s Sapt. 128605 tvthdbe

by NI'J Standard Q1 5 S 2000
o] atle e SRR oo TR ERBs B8t o8 $ OBt e resuts

i dent ‘aFé‘ ré¥ehtéd B T@siepsted by NIJ Standard 01150. 00,
Sept . 00, wth the "engineered spi ke". The

mvenEmmﬂglamﬂﬁat es faced the threat. The results are

present ed T bIe LI [ . :

i nvention H@% ‘% etgaﬁf}%ﬁ%gﬂé#\ \Aﬁf%%}égé%ltgﬁg 94 identical
01150:1%ne‘f>@@‘that2ﬁ@@nbé@ in Ekaimplee $8 sindrstackadd together face-to-
Protection_Level 1. nple 16 A high strength

pol yefagga ehiee ﬁt%@@fﬂ%ﬂtﬂ%\‘é’?s|3é%?heidct§93m?ftbﬁ‘§k“t° -back with a
descr Lheg dftri’h Yﬁ.lﬁﬁ.@d@ niatdAs) a?soigﬁa‘fiat%ﬁ iR®idure 3 to

stirfaces™ w cycf exane sol ution
st yr ef@mi anmrmieoﬁthe“ enentivroc Khisaptitheneas $0bjekRATIONES)Ng for

-?héloq.ab rle%ISsttgrqger lla)(/: N?\? g?ér?ogarg ¥ q%O.(IO?lée%vt\{eéjO&é/, vﬂ{ﬁ/ @h%gp1 blade.
A second identical article was tested by NiJ Standard 01150.00, Sept.
2000, with the “engineered spike”. The inventive laminates faced the

25 threat. The results are presented in Table Ill.
Example 15
Four laminates of the invention were prepared in an identical
manner to that described in Example 13 and stacked together face-to-
face. The stack of laminates was stacked together back-to-back with a
30 stack of 30 sheets of GOLD FLEX® material as illustrated in Figure 3 to
form an article of the invention. This article was subjected to testing for
stab resistance by NIJ Standard 01150.00, Sept. 2000, with the P1 blade.



felt was placed between two 0.005 in (0.127 mm thick

pol yester plastic filns. The ensenble of the felt
weoehewt12eandwi ched between plastic filnms was pPatad2006/018814

a press and conpressed at 2080 psi (1.38 MPa) at a

tenperature of 116C for one hour. At the end of this

;: {Ten;sAgsé Wdrlé‘ér‘?h% | article W3S toBLENS (yﬂﬂlé d&gdl@'14§b.idb,§ept.

th sur ces was renove fromt press an
cool ed000, witlothé temuimertred spikeio The diventivallaminates fased the

ond 1 Tseth, T8 remih e TesEREa S TARBIN Coat har T
face-to-fagpgsd '%ﬁtl(ﬂé@@ktﬁéflnl\/émld}ﬂﬁ\%‘% tW@Fecﬁ}n%Wféﬁs of NIJ

back-t o-back wt sheet s of d)’
et er StndasdiQ1156t0GSapti 2009, §or stab resistance alrPretedtiond-evel |

of th I nvie on. This article was subjected to

testi Eé(ﬁﬂﬁ—e-g—ab resi stance by NIJ Standard 01150. 00,
Sept. 2000A MighstichgttPBolpbidanclfiser falt ghbeviglentical to that
| am nates faced the threat The results wth the

P1 _
bl adedasenhﬁcb@eﬁp@@araﬂvez%xaramee wes. Coat%d@néom sitfgees with a
Lani
3 g S B MBS ASRRBLA o copotymer
st@ack RATGN® D 11 GE)E‘elbetonﬁaubeofrdhagﬁgmk foﬂoWedrbyairwsg The

tacked th back-t
50 it Was PIRSabeER tor LD BS (0127 i) itk BElyepter plastic
Fi gur ﬁlrﬁs t PheflPisBhitie Bf tHefeht Pleet Qﬁnﬁﬁ?ﬁ%%'b@?vve'éﬁ Ipfastic films

article was subjected to testlng or stab resistance
by NI WaStlaced th 8 b1 AV compressedoat 204 psi (1138 MPa) ata

The | IVBRRIRI0S A TEaCde! PE bur ¢ i Sh PR itk ffpminate of

ane shavhventid@pbeing!dlastid filhes & 86tH Sataddzewas témbesd from the
of the invention are nore resistant_to penetration b

st abbPreps #l epelgddo rerm tanmsratuigt doapdditipral laminates of the
oL LB ST et o FARSRIRIEANKE pyintes

satisfies I nequa
mm <2 2@re Atddkedeodehal fAen-fage. Kg/ 2 Exanpl e 18

ggls(r;tr ieﬁgd' i n%{@iﬁﬁ?&%&%ﬁ%%ﬁ%ﬁ%@?@(ﬁé@gﬁw@ﬁ 30 sheets of
t gget '@ﬁﬁlalf)qq_%)(@'rﬁét%ﬁal J@ﬁu&réﬁz’ﬁ |h$lg|§r‘é PYRfSFh &M aﬂlcle of the
press and a pressure of O psi (1378 MPa) is applied
f or ofventian. at a t errper at ur e of 116 C to bond the
| am nat es tr%% article was subjected to testing for stab resistance by NIJ
Standard 01150.00, Sept. 2000, with the P1 blade. The inventive
laminates faced the threat. The results with the P1 blade are presented in
25 Table ll.
Example 17
Four laminates of the invention were prepared in an identical
manner to that described in Example 16 and stacked together face-to-
face. The stack of laminates was stacked together back-to-back with a
30 stack of 30 sheets of GOLD FLEX® material as illustrated in Figure 5 to
form an article of the invention. This article was subjected to testing for

stab resistance by NIJ Standard 01150.00, Sept. 2000, with the



article of the invention is renoved fromthe press and
cooled to room tenperature. It is believed that the

woabdei124826 resi stance and/ or stab resistance oPCTiuS2006018814

article is simlar to that deen in Exanple 6. Exanple
19 Arigid plate is formed by stacking ei ght sheets of

GOLD FLEX(r teria et.her,_and .bondi ng,.t hem

Loget IROMeErad P dine s HOB PR o783 Gt Lle thigato The results
MPa) £R¥sKkten PithbRLII120C. Six |am nates of the

i nvention are 20 prepared as described in Exanple

and st ackell is sgen krat the eRiclerof ihgi inveptian are ok é%&l@ant to

an article of b a

o |1 Referaa L SR i fmehls iy L FEBergls b enetration
| agm n@esd RJaindtane reegineered mkeigsetthsaesltﬂms &ﬂlbwm@ ineduelity:
S|mlartothat of Exanple 11. % le 2 HI%
plate is for%%ﬂ%‘jﬁ@!"a@ﬁﬁ’tﬁg”@gfﬁé 5 g gal 'E?'t% g/m?
FLEX( 3(a L9'g al together and bondi ng them toget her

pressure of 1000 psi (6.9 MPa) for
one hour aThiHRE. laBiikatean ta pweofion hee prepared ais desiceibed in

prepared a escri bed in EXx I , t .
bonde X?%‘@z? ger ealﬁa‘"i)\?f{gﬁ %f%g?%qi&aaoggfg'?é ?aj{]e—g)r—%ce The stack is
Pi &SSPl in %%@s@%hd(&pr%syﬁ’@ of 230PPSi (18H MHa @aééﬁ&! for one
to create an ticle of the invention. 1t is belleve

t hat bhber ata lersper@tunecefi K63 ke to bend meslaémmatgsetogmhaﬁ The

) T BGRB8 2014 gt o

Eﬂ/ﬁﬁ%@/ﬂ)ﬁ&SM 25 mM EC Od- C LOti C) No m
Conr K l%:bﬁ“@ed:tbaEthe DaliStr fasispacd apdlogstattissiaheas
Q Oa) NB%B%% hgbgf‘,é" in EXEMES B oo (11 e ™

Example 19
A rigid plate is formed by stacking eight sheets of GOLD FLEX® material

together and bonding them together in a press at a pressure of 1000 psi
(6.9 MPa) for one hour at 120°C. Six laminates of the invention are

20 prepared as described in Example 3 and stacked together-with the rigid
plate to create an article of the invention. It is believed that the ballistic
resistance of this article, with the laminates of the invention facing the
threat, will be similar to that of Example 11.
Example 20

25 A rigid plate is formed by stacking eight sheets of GOLD FLEX®
material together and bonding them together in a press at a pressure of
1000 psi (6.9 MPa) for one hour at 120°C. Six laminates of the invention
are prepared as described in Example 5, and then are bonded together
and with the rigid plate at a pressure of 1000 psi (6.9 MPa) for one hour &t

30 120°C to create an article of the invention. It is believed that the ballistic
resistance of this article, with the laminates of the invention facing the

threat, will be similar to that of Example 11.
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cumEE- EE Wr UO UO In W 2006/ 124825

PCT/ US2006/ 018814 26 Exanple 21 Thirteen | am nates of
woOheosient i on are prepared as in Exanpl e 3 an#CT/US2006/018814

stacked together face-to-fase. A 0.25 inch (0.635 cm

thick alum num oxide ceranmc plate is stacked

together with the lam nates to create an article of

the 5 invention. It is believed that the ballistic

resié;( fe f this article, with the ceranic plate

faciﬂ'g%ﬁi?e—?hreat, will be superior to that of Exanple

4. ExanpTkir22nTaminates of the insepkoroare prepaned asiin kxample 3 and

prepare in Ex lL,e .3 an acke et . . .
PP e B a3e A, 2 AR S 98B ik atuminum o
St yr gianlis PRItS N stalcRed koGR8 WitR the EARIPLIEEIO create an article of the
(KRATON(r) "D 1107) el astoneric bonding agent is

app! ingentien.altds beli¢veshthabttesBallistic rasistancg ahihiniaitislg, ¢eth the

ot rraghBlefs Mg e fifeat i R Pafobi*E bEERRTRIE Y
and ERamipdeizeates and the ceramc plate are bonded
together 1n a press at 1000 psi (6.89 MPa) for on

: . e
hour at 1Pbideep laminates shthe inventionare peepared as in Example 3 and
i nvegti ' i t | il K ]
| Loe BBy oty BB HEML MU BAE Kol of g gygone-soprene
faci sigraérecbivbk eapolywidr] (KRATRINEr D dr1 07 p etastomefic Boadirigeagent is

Gt aaPPI o Pi2Beh 0 Sraerah iRk T HEIM ST ridk Pefar Halate and
not  Ge&§ e Edpande PRIE Gs BPpiH td ﬂhétst]ﬁéi{ bRimin&fRaNBBAding agent

and rrpdl’fl cations may suggest thenselves to one _
ski | $ide down, leedathe laminates anditihg ceranicrplatecareduslegitogether in a

the i . . : ¢ C T . .
2006 Eongsa REHG ohabablr e PUHRTIEEG ol ffarice of the
is Anveggorst andi ng | am nate conprising: (a) a

conpressed felt sheet havi ateral surfaces

two | d |
consi st i ntjis bskirvad thet W%‘ngﬁ@mﬁ)ﬂdsﬁ%‘@ af s §ﬁ%dﬁﬁi‘ the cerarnic
fib A i . t th
aboup Big AR RN o SBbriorto RaPll Bk 4. o

D2256-02; (b) a plastic filmbonded to one of the

Lateral syt Ao S et atifed e invaSTor in rather full detail, it will be

20 understood that such detail need not be strictly adhered to but that further
changes and modifications may suggest themselves to one skilled in the art,

all falling within the scope of the invention as defined by the subjoined clairns.



and (c) optionally, a bonding agent between said felt

sheet surface and said 10 plastic film 2. The
woOanmienasesof claim 1, having an areal density 8€Tfuseiws/018814

about 0.1 Kg/n2 to about 27Kg/ nR2. 3. The | am nate of

claim1, having a density fromabout 0.05 g/cnB to

about 1.5 g/cnB. is 4. The lamnate of claiml,

wherein said high strength fibers are selected from

the group consisting of polyolefin, polyaramd,

pol Wit is olaimegbisyvi nyl  al cohol , and

pol y{2,6-di i 5- b4’ saehpyridi nyl ene-1, 4( 2,

5- d1'hfﬂff%ﬁ'ﬁ%@?@[a@}@f%%?raﬁ)sls'ﬁ#bers. 5. The | am nate .

of claiah 4 cohmresseds&eidsheghhavingrigichlaftetsdririaces and consisting

sel ected from, 20 %he grou

pol yot hyl exeetBlY g BOBEYPEn BoTcr SHRAAPER hgying  tenacity equal

ol ybenzoxa BRan @96t 17 grams per denier as measured by ASTM
%ol y{2, 6?%1 ?rﬁ‘b%g{ztg[ 4, é] b4' | 5" - g] pyr ipdi nyl ene-

1, 4(2, 5- dDBYEBARY) phenyl ene} (PIPD) fibers. 6. The
| ami nate of claiml in_ar i ghea ot
str engi® At BnepBet b bt eb Y B iteldf Saig fot sheet

| engt hs ofpfirom about 1 inch to 25 about 10 inches

(2.5to 25 cm. 7. The lamnate of claim1, erein i
sai d pl(gsoptorfalymai b,oa@ngcag@cﬂﬂM%W??'ﬁéa%}%gﬂee"esurface and said
consi st ng %F' B yol ef i n, pol yam de, pol ycarbonate,

%nomer, PRSFEMde, pol yvinyl chloride, pol yester and )
pol yprr efrfearenihitenst clgim Théaving anteealf denisityraffrom about 0.1 Kg/m® to
wherein said plastic filmhas a thickness from 30

about GbEW82HKI/Meters to about 1 millinmeter. WO

200641 BrR{US2A954 Q1R8Vifg 28efsityTem| @61 @65 gfcm® to about 1.5

claim 1 having an apparent bendi ng nodul us | ess than
about ]g]a:pgi (69 KPa) as neasured by ASTM 747-93. 10.

The | anj of claim]l Jaw ng. . j

T ot binfhs b i D S P0G0 St b8 arp seleced fom
by ASTMhé4 grflip q%n%ktinghgfl;mﬁ/dﬂaﬁﬁ, golyedramia,| polybiengazole, polyvinyl
an apparent bendi ng no

(13. 8 Kkdephels neasafitd g;UM?QS»@%Q%ZO?%%%é’-%%yridinyleneA A(2,5-

e et S SR R g, bonding sgent s an

t hansabpig lahlindtd\VBeclaisn 4rehsteie dalt higs EieDEEs fibsrs g selected from

égﬁprrgt@lgagrppgg:cgﬂg%tiggl; %If rgo%/e%y?erﬁe', npo?f(bgphbe%@ én@te?gﬁ%alamide),
polybenzoxazole (PBO), and poly{2,6-diimidazo[4,5-b4’,5-e]pyridinylene-
1,4(2,5-dihydroxy)phenylene} (PIPD) fibers.

6. The laminate of claim 1, wherein at least one said high strength fiber
consists of discontinuous filaments of lengths of from about 1 inch to

25 about 10 inches (2.5 to 25 cm).

7 The laminate of claim 1, wherein said plastic film is selected from the
group consisting of polyolefin, polyamide, polycarbonate, ionomer,
polyimide, polyvinyl chloride, polyester and polyurethane films.

8 The laminate of claim 1, wherein said plastic film has a thickness from

30 about 0.008 millimeters to about 1 millimeter.



1 to about 10 percent by weight of the |am nate. 14.

An article conprising two or nore |am nates as
wdeswrizked in claim1l stacked together in facecrwst@eoissi4

rel ati onshi p, wherein said 28am nates are connected

only in an edge portion. 15 15. The article of claim

12, wherein said | amnates are not connected. 16. An

article conprising two or nore | am nates as descri bed

[ | aim 11 _bonded,t. h in f -t 0: f aG.

:r 2| g&a.?lg'm,ﬁ@”gmmgtg_o%&l@%?f f\@ﬁ@g'{fﬁ\ a@é%errepggaﬁﬁglﬁgépgg%uﬂess than
havi ' ' gent

Pl S PaBt M8l (8 Ko e B T e

V50 1@l Bt famiree of claim daavinghBo @opaset kanding "m@ds less than
m sec) ég@%yfﬁg,cﬁ'kf £ KPR)Hs r%%;\ggéétd ASTH Y 47t0d east

about back ormati on at the
xJ 5011 VitlcOihidateastscidian hakingt arbappaneas bandimgrraddblys less than

M L- STD-662E. 18. An article as descri [ aim12

meet i ngabokié Zr@dm?r-@ﬁ‘éprﬁ)sasomeﬂﬁyre@léﬁ@gﬁg 76?1@0. 00 for

stab | S ; hQiki I i i t i
o o1 LR eTeSiefifelts A FphBRin SR bohding agint f9n olastomeric
" engi negakdial Bavikg antdlastit nadutussiess kieareakogl4 b8 MiBa as

Joul es, the penetratjo hin mllinmters, as
measur éae%wfﬂﬂPYS?\gﬁi%B@gg 0.00, Sept. 2000,
tighi é?élYI'ﬂ g i eieddid Yo Bmlgeé @iticomprises from about
Ept Egﬂm% @Qﬁ?{ﬁr&ﬁl C egﬂ eal Der%si t)r/],_ /ger 30 pZO.
An art i tteeabautpt( géncgnt MOWRIEE/of 24 feninate.

TP 4R it ind o SR i k8 1R800 n oo 1

sel ect egdadiem &HIR o BN iHicet refgionthipy whereishezid taroinates are
hi gh strength fibers, sheets of uniaxially-aligned and
cr oss- ptane@ctad grlydn pBR{AIE PHEPs in a matrix, sheets

eviallyveali : :
71 bors” iAo S B BRduoraRpspaiaindfaney f ot 8idod.
fi bens. hayapitla commasingytwat ol reast lanhivateslas dessribed in claim 11

wherein said fibrous Ia({ee s. and %z%_l d |.am nates as

descri beendad toostharin face-tastacedeRIPH R Pher in
f aCGﬂ?P'Afna&Ricreeé@Hbga%cpm ddim Ap rﬁﬁdgﬁg%ai?gﬂﬂfé $7 @gain (1.1 gram)

10 (a) one or nore [am nates as descri o

(b) a rfragrdept sinmla@geptoﬁptﬂes)dewq@eglr@uMlle-(ﬁnglsglgg/]héé V50 velocity
E&; r |( ix)@iaﬁieg%tf’ag;&if‘@rqohh%%c%5r4%”%§eé)i %eﬁﬁecj;iﬂc %nergy absorption
(SEA\) at least about 50 J-m2/Kg and a back face deformation at the V50
velocity less than about 55 mm as measured by MIL-STD-662E.
18. An article as described in claim 12 meeting the requirements of NIJ
Standard 01150.00 for stab resistance at Protection Level 1.

25 19. An article as described in claim 12, wherein against the “engineered
spike” threat at a strike energy of 36 Joules, the penetration depth in
millimeters, as measured by NIJ Standard 01150.00, Sept. 2000, satisfies
the following inequality:

Penetration Depth, mm <220/ Article Areal Density, Kg/m?

30  20. An article comprising:



(ii1) sheets of uniaxially-aligned and cross-plied high

strength fibers 15 in a matrix bonded together, (iii)
wehewtig4af uni axi al | y-aligned and cross-plied RCGWS2006/018814

strength fibers Jlamnated29n a plastic film bonded

toget her, and wherein said rigid plate and said

| am nates as described in claiml| are stacked

together in face-to-face relationship. 20 22. The

article of cIa|m2 ei n sai a,te _as
descr i lg%onq]o[:mrenqmtg,ages BB ABEE dtl%g@tﬂ nd to said
rigid rf&ﬁe o?%or@ﬂbﬂft@ 18}/ 8rsCuIBEea RN ﬂgé‘%;rdmﬁc%ﬁsstmg of woven

nmore | ates as described inclaim1
pl at e sheewstafthigh strengid firesspshents péumagnaﬂfy aligoed amidcgross-plied

| 25 | -
cer am EIg P ERptBaRBE & Ml SHEeT pf afpialyjgepg @nd oross-
and a gREaBigh ¥heiRhiibedd Riniihated iRl prRsBOdInmadald high strength
I"ami nat es as described in claim1 are stacked

t oget hébermhawa@att@na@t%afrléaa&amh1l7pg/d24. The article

of cl a'\ﬁhé}%m %’g‘?ﬂ %[y% ?ﬁ%%goe ﬁa@%?%é?sgcﬂye'a in claim 1 are

claiml 0 sai
pl at e. stacked together in face to-face relationship.

21. An article comprising:
10 (a) one or more laminates as described in claim 1;
(b) a rigid plate selected from the group consisting of:
(i) sheets of woven high strength fibers in a matrix bonded
together, ‘
(i) sheets of uniaxially-aligned and cross-plied high strength fibers
15 in a matrix bonded together,
(iii)  sheets of uniaxially-aligned and cross-plied high strength fibers
laminated in a plastic film bonded together, and
wherein said rigid plate and said laminates as described in claim 1 are
stacked together in face-to-face relationship.
20 22. The article of claim 21, wherein said Iarhinates as described in claim 1 are
bonded together and to said rigid plate.
23. An article comprising:
(a) one or more laminates as described in claim 1;
(b) a rigid plate selected from the group consisting of a ceramic, a glass, a
25 metal-filled composite, a ceramic-filled composite, a glass-filied
composite and a cermet:
wherein said rigid plate and said laminates as described in claim 1 are
stacked together in face-to-face relationship.
24. The article of claim 23, wherein said laminates as described in claim 1 are

30 bonded together and to said rigid plate.



