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Abstract:

i nvention is



and protection against penetration forces including cutting, shearing, and
slashing 10 forces, even by jagged or serrated instrurreﬁ@g’laa?fpmclﬁd at
excessive force and inpacts of extended duration. The inventive fabric also
provi des an excellent |evel of penetration resistance to sharp puncturing
and pi erciwgotosees. The fabric is conprised of |ayers, pbfig¥dijagdl; at | east
one of the layers has an array of plates. The plates in an array maintain
a spaced relationship with each 15 other by nmeans of a material substrate.
The penetration resistant inventive fabric is suitable for fabrication of
garnments and protective coverings that are worn to resist cutting,
shearing, slashing, puncturing, and other penetrating forces. Garnents of

this fabri & include preteais PENEIROIAON RESISBSVERA¥RSe Worn in nedical ,

industrial, abrasive, outdoor ANDOVENGIOD RS MEWIN®ENMENts i n which
penetrating forces are experienced. Exanples of penetration forces

resisted by the inventive fabpl.g . o ting by blades or saws,

i ncl udi ng hi gh-speed rotating mwﬂﬁmw sci ssors or bl ades;
suncturing o pi oty Ao ps S EpRona AR vl ek ISR | NVENTI O
Fabri oo wi th SbB et ol BB BB a el G IBRE et P
characteriygti ¢s.. The .28 ch 2005 WD 02/10667 PCT/USO01/21541 cut, shear,
sl ash, pur@t u?‘zr,cesaﬁvc?nﬁ’?"éafg%% ?@%‘?ag?‘gﬂﬁfm%ﬁa@waﬁﬁcgssﬁvﬁ%?ﬁ #8n acconpl i shes
each of theseinecC siar cggﬁl s. A further advantage of this jnvention 1is
that it is reddPi% < ﬁ’é%lf gy ThednventvedAbalioinseyides emexcgieént i onal

liquid barriers tAn addi ti gnal advantage of this fabric is that it can be
const r uct ed uquﬁIgo penetration resistance to sharp puncturing and piercing forces.

The fabric is comprised of layers, in which at least one of the layers has an

array of plates. The plates in an array maintain a spaced relationship with each
15  other by means of a material substrate.

The penetration resistant inventive fabric is suitable for fabrication of
garments and protective coverings that are wom to resist cutting, shearing,
slashing, puncturing, and other penetrating forces. Garments of this fabric include
protec_:tive apparel, such as gloves, worn in medical, industrial, abrasive, outdoor,

20  and other environments in which penetrating forces are expericneed. Examples of
penetration forces resisted by the inventive fabric include cutting by blades or
saws, including high-speed rotating blades; shearing by scissors or blades;
slashing by knives or sharp-edged, abrasive, or serrated objects; and puncturing or
piercing by needles or pins.

25 BACKGROUND OF THE INVENTION

Numerous attempis have been made to fabricate penetration resistant

fabrics with supple, flexible, bendable, twistable, and tactile characteristics. The



breathable materials to increase wearer confort, especially during extended
peri ods of use of protective garnments nade fromthe i nveB8MagcH 20005 c. An
especially effective and highly desirable use for this fabric is for
protective ghvayexigseapr ons, sleeves, footwear, and other garnents. d oves
and - garnents constricted fromthe fabric of this inventi oBCTURMI/208€e in the

medi cal - i ndust r yutydhesiesiash) %ﬁ@ﬁ@!ﬁip:ﬁce%eﬁ%@hﬁgﬁ%ﬂﬁﬁ%requl red such as

.gloves for surgical use. e fabric iIs ?m’E‘HB’Pts peopl e and

iout doors peopl e sRg@gRMkhed fbch bBMERY, simlar ‘activities.
G oves and garments gonstrtﬁct ed frgcrﬁswéé %AI ad‘faﬁagei’ﬁ\‘)@m‘ieafwnare

useful for proteithddg i R b Mdndustrial injuries in factories, on
_construction sites, i n sol IW\A%S%%EE cfPl"%%]“l?“&eIilWﬂtPP%%Wn%mI liquict her such

“hazar dous envi I ObHESR, Shn A Bioh ris nunber s, of wounds fromkni ves
and other cutting instruments ah{laﬁtatg f@gg"‘bﬂ"r‘ﬁ) it iemdisgonstmuctadiugdd ect i ve

and user - conf or tibluen1hRLEEL arrier i nst these body cutting,
shearing, slashing, ﬁ’gﬁp‘%ercﬂlo\rillgcn:’b ‘gﬁ%ﬂsmg'%m’leﬁ’é’ﬁlﬁm@m%mten@edsaf ety

5’2228232#3"%5‘*’?;33%&’5%5%? i e s Bt mendior oo, ol ot hi ng, or
ot her objects are inugr, ection fromsharp objects, whi eh

- mi'ght possibly be co%a%gpgggvﬁﬁyﬁgﬁﬁf@#}é destalle ueerfprigisifatiriegt fopus or gani sm

CQurrently avail ahlies rotective gloves and body arnor are

" general ly of a. %km tw%él%@ésv%l? EoHET P E00870E aRA pthergarments Glaes sid uct | on

provi des 'nini gmpﬁ ainst. bl ade such 28 March 2005 WO 02/ 10667
PCT/ USOl/21541n§prot{§tg§l %h&%dﬁg‘ﬂ y: ooty mypntiva Aind mesfinitnsdhediont s, such

as- serrated kni }ﬁgﬁ b%?ﬁ ed netal, or glass.. And, it provides
virtually no prot ec ion ag Eef’eltha%ghtyisWlu“edsuchaSgIovesforsurgxcaluse B

| The fabric is also useﬁﬂ for sports people and outdoors people engaged in ﬁshmg,
huntmg, and sumlar act1V1t1es Gloves and garments constructed from the fabric of
this i mventmn are useﬁﬂ for protectmg the wearer from mdustnal injuries in
| factones on construction sites, in solid waste handlmg fac:lltles aud in other such.
- hazardous envuonments )
Due to. the risingr‘numloers of wounds ﬁom knives and other cutling
instruments, tﬁere isa strodg demaﬁd 'for an effective and user-comfortable
“ protectlve barner agamst these body cuttmg, shearmg, slashmg, and plercmg
weapons Fuxthermore pubho safew personnel (pohce ofﬁcers fire ﬁghters )
paramedxcs and first responders) who must physmally €Xamune a person a corpse,
| clothing, or other obJects are in great need of protection. from sharp ohjects which
mlght possxbly be coatammated mth a hfe-threatemng infectious orgamsm.
‘ Clu:rently ava.llable breathable protecnve gloves and body armor are

generally of ; a knit . or woven constructlon. Kmt or woven consu'uctlon prowdes

.mmnnal protect;on agamst blade cuttmg, suoh as knives. It provides even léss



puncture or piercing. ~ Non- porous and, therefore, non- breat hi ng synt hetics
constitute the 5 construction of some currently avai | abl 28 plaothe200bve. gl oves
and body armor. Such synthetics include aram ds, such as Kevl-ar(r), and -
pol yethyl enes, .such as Spectra@ Such synthetics maybe effective at

st oppi nyomadysspi ercing projectiles, . such as bull et cthusti/asa | neffective
at resisting wounds. -fromknives or other sharp or jagged edged objects.
Such synt hepmtestua:r@ambmmﬁeefréeﬁﬁfeahiselnnaﬁmmhtaheaﬁaiﬁﬂkniiresawmt evapor ati on
of perspiration fromthe wearer's skin. Another advantage.of the fabric of

t hi s i nvent biades) jsgglell afetdltor Glays. PAMY it gRSiddemandBhlogpréedioatagnes t o
penetration, while (ii) allow ng ease of novenent due to- its

characteri spmn&d&@@ahgty, bendability, and twistability, and (iii)
optionally can be fabricated of breathabl'e materials to allow evaporation

- of perspiration. N&lrl%r&lstaﬁﬂ,rtﬁér@ﬂobé)rnidlﬁ‘eaftﬁﬁﬁ_ kyiteats dasthapidecat ed of liquid
‘barrier materials SUMVARY OF THE | NVENTI ON The fabric exhibits

properties @nstdcB¥h bf dobledeurrBiftydahiabicipYotedité Slodél Anll bifdy @y, SRt i onal

~stretchabi I|ty, by an arrangerrent of "l ayers, i n whi ch at 1 east one Iayer (IS

an array of %ncﬁx‘i’d?:’l@%:ﬁﬁ %‘regﬂa%ro g‘;lz‘gdé eﬁe@%u&ﬂ n5| onal sheet. 20

- The plates atou stancet is not friable.
il frers TQ%%%?‘%.*%S%‘E o %%53“". e oﬁéﬁg ﬁo%?ﬁlv%ﬂ%ﬁ‘m“é’cb b P et
| resisted pe”ﬁabaﬁ}' SOk SR B b P R iquv%ﬁ%r R s Sonpr i sed
- platel v ettt S P feii%re flﬁ“'a:‘ér 0 SI hE'r ""Lismelﬂi

ot a m% er%‘rg‘wl/ents tal{rggér;t%neof perspiration from the wearer’s skm L R
~ Another advantage of the fabnc of this mventmn is that it (i) prowdes :
dependable resmtance to penetrahon, whﬂe (i) allomng ease of movement due 0
| 1ts charactensttc ﬂemblhty, bendablhty, and thStabﬂlty, and (111) opt{onally can’ |
| be fabngated of breathable materials to a_llow evaporation of petsplrauon.
15 _-:‘_Alte_l_'l_.l'ately, the fabric c.'fm be fabriéé.tcd of liquid barrier maienals = |
o SUMMARY OF.THE INVENTION . _
The fabric exhibits properties dfﬂexibility, bendability, twistability, and, "
| optlonal stretchablhty, by an arrangernent of laycrs, in which at least one laycr IS . ; - |
' .- an array of plates connected to form a generally two dlm;nsmnal sheet ', _,- o _
| 20 :?5 The plates are of a tough, haxd, and strong substance that is not ﬁ1able or o
' brittle. 'I‘he substance type and 'the thickness of th'e individusl plates Will diﬁer" ‘
according to its apphcatlon, such as whether the fabnc must bc cut or: penetratlon

resistant and the level and type of forceto be rcmsted.



The material substrate may be a connecting material to which the plates 5
are. affixed or attached and it nay becone an integral pa8Manth 2006h of the
plates in the array. The connecting material interconnects the plates so-
that the plates are spaced apart from each other throughout the array. The
connect wognineseri al al so serves the inportant purposecofsoeseri buting, any
force that inpinges upon the fabric or any plate or plates in the fabric
anong the surr oultdifagicib ednasised didayeby inlhitiakdilegt vt értlayes Hagad of t he
i mpi nging force off anyone plate or group. of plates. This property of
force di st ratytbolf phtenTanpless icha ashy fBtdn ofpatsibrefatiliish witltdaclut  requiri ng
nore dense plate material, thicker plate material, additional |ayers of
pl at e arr aysher$lympngess Handingubiriteri al s, or other strength enhanci ng
properties all of which reduce flexibility, tactility, bendability, -
twi stability, arfhe@pitdriiaibsitde Mhy b £EbaRedting Ynabdidl orafigeBeplarst . The
connecting material also adds the inportant property of flexibility of the
pl at e arg ayark.afiREd Byat@tiRdiabd a3 bBéaatd an ihte@Xl fureof endddirum figésigen the .sol id
plates.. The flexibility is due in a |arge nmeasure by the fact that the
connecti ng tBh@Ly. AheRbAMECARSMHBRS S RALMEAR plAd PRt 88 plakiafh is referred
toin this disclosure as the gap. These voids. allow bending and hinging 20

‘bet ween t hesphledtaBit FrBMQALIIGNG HRHRRENES Srdy0 ThBSofdRirgnatdligaEONNECt i ng -
material is sonmetines referred in.this description of the inventive fabric

- as..the contdeRMOHS impoBRk plrpihe OF didtriBhiftipinl F%BE thatiphfied ApnRhAL €S 't hensel ves
. are sonetines referred to as.the discontinuous portion of the plate |ayer.
- The materi aﬂab@%ﬂ%&ﬁfa@é&@aﬁ@'ﬁ%s%ﬁ@%@ﬁg RGRbRldins 1Y RBrbre pl ates are

25 affixed.or attached and it may become an integral part of” each. of the

plates ig thien28eNRiChoAQR Mt M¥ing FRE: DRSS, SRR & bl §'gRQNECt S the.

pl ates so that the plates are spdceéd apart fromeach other throughout t heﬁ
array. The oﬁ&%ﬁf@l’cc dlg&llﬁﬁﬂ&l%hﬁlggg}ﬁg %tg'éﬁgth JFRleShd R Wlﬁi’i‘)lu{ hough'to a N
V_IAesser degree hanr t he connecti ng m'alt‘erl al),” may al so . o
' requiring more dense ?Iate mate;i_al, thicker plate'rqaterial, additional Iayq:s of - '7 '
7 i)iate aﬁaj(_‘s, sirdﬁger bénding 'méiéﬁai_é, or other strength enﬁauéing pfo_pe_rtiés all
of which reduce ﬂexibility, tactility, bendal;ility, twistabih;ts(,_ and optioﬁﬁl
15 . stretchabili_ty and inc;feése cost. The ,connecﬁﬁg material also' adds the important
pfoperty of flexibility of the f)lgtc .aﬁay layer by p_roviding a highiy flexible
m@diﬁm' betw:cen the'Solid-plates. . The flexibility is due in a"larlge measure by ‘thé
 fact that the cbnﬁectiﬁg‘ material provides spéc_ingbetwg&n_ theplates,whlch is -
- referred to in this ﬁisc}_loéprp asthe gap. V‘I‘_]_m‘:e,w‘)_i_d‘s allc;w bendirngra.nd hmgmg
20 _ béﬁ);s}één the plates, pr0v1dmg suppier;ess-fo the fabric. Theconnectmg :ﬁ_xateriallis B
'sometimés referred in ﬁhis deséription éf the invc;;tiﬁ're fabric as thé coﬁﬁiluqus "
* portion of a plate layer, while tﬁe plates themse_leqé are sb_metimcs’ referred to a5 -
the discontinuous portion of the plate layer. e
The material ;substrate may also IIJ.G i‘baée météridl to 'v;rhich the i)lates ate

. 25. affixed or attached and it may becomé an integral part of each of the platesin the -

:. 4 . .l |



di stribute any force that inpinges upon the fabric or any plate or. plates
in the fabric anong the surrounding plates, thereby taki 28Maneh 2005 re | oad
of the - inpinging force off any one plate or group of plates. The base '
material, |like the connecting material (although to a | esser ‘degree than
t he connecting material), also provides flexibility to the fabric. The base
material may al so be conpressible in a direction perpendicular to the -
- sSheet of the b ' Thj { may . b sirable in certain

35 e fabchatr o R RREY kIR o B RE D b

applications such” as when usi _ ani ng,

ol ates are apl oreraREblREn bRt B B DR TR el TS 4EBP PR g, 11
ot her words, ) erials.acts |ike a shock absorber. The connecting and
the base mater P‘%%g‘a@@mgﬁ%%&l%&sgﬁggfggﬁgﬂt%e,fgmgﬁc ferigl}, MA@ surfaces. In
the fabric, theg., bhase material .may be copbined with and provjde support for
one or nore | aggﬁ'@uﬁfan)b#o&eégat m@%&‘ﬂﬂ% FIRiOF AR eER rist s er i al

Al ternatively, Jayer -of plates wi th connecting nmaterial -nay support
itself only or f@ﬂﬁﬁ%ﬂg tﬁ‘?\ﬂ%@ﬁ’iﬁﬂ*‘%&h@'&%ﬁﬁmﬂ ‘gi'ré“r":ge brdpfees with

connecting mater.ial..The jinventive fabric may conprise one or nore base
material s | ayelSyngugRrge WPWRJ?'F@0590%9@1%%%4%@1%1@%%@. The
fabric may be conprised aof one or.nore. conbi nations of base material types
and connecti ng® 8 Pafertgl(plthoush {o.adgssy dagres thag thespnpcting metesal), These | ayer s
meybe in various stacked arrangenents . _and each | ayer may have vari ous

pl ate confi gur 2 IREdesficaibidste thefobrie. alhedrase haterkd miralshy beooBpressiiect i ng -
material may be -a _non woven or woven fabric. The base material or - -
connecti ng mat@ditectionpependiquins tthp eeebef thelashmaterinh Ghis grdparty ineybe | n one
enbodi ment, a representative nethod of a manufacture of - a-fabri.c having a
singl e plate |deyiEtbledn cerfpitapplicationgsiueh epwheotsingghaavativaFabric for o

| cleaning, scrubbing, sailding, or other abrading purposes: In these applications,
the plates are ablé to sink into the soft base material and avoidcrackizig. In other
words, base materials acts like a shock absqrber.
‘. The-connecﬁhg and the base materials may suppoﬁ plates on one or both
" of their surfaces. | |
. Inthe fgbfic, the base material may be combined with and
“provide support for one or more layers of plates interconnec;ted with connecting
material. Aftematively,_ a layer of plate.s with connecting .matéﬁa;i may support
1tself qnly or sﬁpi:ort dne or giore addltlonal layeré of plates with comi:oting '
material. The inventiya fabric may comﬁrise one or more base materials layered
together with one or more connccﬁng matéﬁals. The fabric may be coxﬁprised of
one or more comi;_inaiions of base material types and comuecting.material types,
each with an axraf of platés. These layers may be in various stackéd arrangements

and each layer may have various plate configurations. The basé material or the



‘atop base material begins by positioning connecting material atop the
connecting material. A tenplate of the plate layer array2@iarethdide
positioned atop the connecting nmaterial. A suitable substance for formation-
of the plates may-be printed onto the connecting material through the
plate pattern array of the tenplate and the tenpl ate nay be renoved.
Dependi ng on the substance of the plates, the plates nay be subjected to

curing or other pgst-patterning treatnments. |f the nnectjng material is
an el ast oneri c%?%l’“igé‘?a?enlaﬁ‘@a%@%r@é‘ VEIveR pr YR fabric ’ﬂéeotfaﬁ?)’f“i"}fn%ﬁt be
limted If the fabric over stretches, the spacing_ between the plates may

i ncrease to suﬁmcmmakﬁ%bwmgd’rﬁ%’ﬁgﬁF&ﬁ‘?legarflg’f‘ permtted. Several
arrangenents for limting stretch are available. A non-stretchable fiber
may be affixed to tg? el astqneric connecting material in such a way that in
the fabric's unstrel ReYPEIEIEs £ FPrespipifvemcthod ohe papdaciyeck abri ¢

stretches, the ahigitkhaliag a tiakle platéfayePhrrdy iR LRMABhMcting¥B8EL N0 moOre sl ack
exists in the n n-stretc_hzf\ le fiber, the fiber prevents farther stretch of

the el ast oner . GFRPSTRUAE! BieinspxpestiRpinesppRectng materdl AP fsvol ve j udi ci ous _
use of non- st r ebalvalpanMérias W ©islhteldf MetplAdiay & OMAGHLY R PRt eri al  at sel ect ed
portions of the plate array, wth due regard for the final use required
for the fabri c.p°$H e?ﬁ@@ﬂ?icﬁ?@eﬁ%ﬁ?‘ﬁe‘@éﬁ%‘é‘al?léﬁ%bisté‘&leé%{ to be worn on the
body.: O, the forfration & tEplathendSRGrind oA e AREbRIOhAG ] BRo@ht i cl e or

- substrate such as_lcut'ti ng, - shearing, or slashing 1nstrunents from

sust ai ning dandHSPAR g plipct E’B%&tﬁndélli’rtﬂﬁl&l%fr@b’-b??@@mV@huSi ng darmage to
persons -or  t heiDep&iding @k fichi sightREY/A TR WIRGS, thePtdViiEG be 2R ecAREcdrRYENt i Ve
fabric may incorpprate differing materials as may be.” necessary to neet
the design, st PEHGFROSCPPHENES BFfkpents-and ot her specifications for various
applications. A particular feature of the inventive fabric is that while:
the : ' = ‘ — :

- Ifthe connecth{g material is an elastome;ic material, the degree of stretch
of tile fabtic must be limited. If the fgbﬂc.over stretches, the spacing ﬁehveén the
plates may-increase to such a degree that unwanted penetration is permitted. |

| Several arrangemcﬁté for limiting strefch are available. A non-stretchable fiber

" may be affixed to the elastomeric connecting ;ﬁateﬁal in such a way that in the

fabric’s unstretched state the fiber has slack. As the fabric stretches, the slack is -

‘taken'up. At the end-point, where no more slack exists in the non-stretchable |
] o ‘ - fiber, the'ﬁlﬁer prevents ﬁzrtﬁer stretch ;)f the erlastoiner.. _Ot,he; means of ﬁﬁaitjng |
ovel;.-;stretching 'in'v‘.olvs jlidiciﬁus use of non-stretchable or sfrc_:tch lnmtmg :
connecting material at selected portions of the plate array,. with duoe regard for the
final use required for the fabric, | |

The inventive ﬁbﬁc can be fabricated to be wom on tﬁe bedy. Or, the

fabric may be use& to cover and protect an article or substrate such as cutting,
shearing, or siashing instrumeﬁts.from sustaining damage to the]r sharp-edged |

surfaces or from causing damage to persons or their surrounding environment.

6



pl at es t hemsel ves may be hard the connecting material may be highly
fl exi ble, bendable, tw stable, and stretchable. |n gthe28 Marahs2006he fabric
has the property of being locally hard (that is the plates are hard), while

sretaining global suppleness across an expanse of the fabric due to t he
flexibility of the connecting material between the hard plates and the

softness and flexibility of the base material. The 1inventive fabric may
even exhibit relative softness and conformance to the body or article over

which it is draped. THeamadtivetfhinie rify ifcoibiteMierdg xﬂ%ﬂaﬁ’al AhdyRe | aver or
treatnment of the fabric with a liquid re5|stant subst ance rye5|sts m gration

of fluids throRRgssarhe hedythedesign, stte‘ﬁFtﬂ{diﬁlcﬁﬁbnéls Qﬁ&&th&fs‘n&s(}?qoﬁ

invention to provide a fabri.c assenb conprising a f'fbst rate

having a top suvaligespphratoms, ﬁ|pumaﬁlhﬂﬁat&feo?91@tlﬂv@ pi ng netal
pl ates having substantially uniformthickness o@gg%br‘@g% {F@QOSI to O.

12 7mm , the plRlated théngselves niey Bd had @k by mnh {’ﬁafe o; t he
a a p y of gaps

flexible substrate and arrayed in a pattern suc

are defined bdwewmbbly, adjtatteahd afefohisl Ik (ﬁ&%rds"{]\ﬂgr g@ 8 S@gbf o
e gap w oxi mat el y

approximately uniformin width, and wherein

0.051 to O. 127rbmngmmﬂﬂe;i-d@mmheﬂfateézi}ehﬁﬁf%ﬁ%mh%ﬁnt| AS‘E to provide a

fabric assenbly conprising a flexible substra ngﬁfrface a

plurality of petipssanicRpanessfihe @bl &S thAY ant | aI unj f.or m t hi ckness
of approximately 0.12 7mmto 0.508nmm, Hggblﬁﬂpal [ tcﬁ?n%q" magdalyf £ xed to

the top surfacbemzbedthehirliglﬁtd@'aﬁ’dﬁHQéﬂﬂe@%d{Eﬁﬂ@%bﬂ%e%ﬁ' N a8 pﬁg_ﬁ*ern such
Ine

that a plurality of continuous gaps are t plates,

wher ei n t he gapsemive AEPHRY &L I and a re nmesh
o ﬁn%ltré}éﬁvg Séﬁﬂe% 389 'Hzé"anbefQﬁ??%%y each

enbedded in each plate and conplete covere

plate. Yet anotriee o mddh i0h dlp&r REESERon! ovide a fabric
assenbly conprising a first fP&lxiﬁ’[fe SubS ralfl%tﬁ aa%‘e {aV‘értOI'pl urality of.

cont i nuous, I’lOﬂtbat[ﬁaﬁebﬂ‘tﬁ@ﬁbﬁgwmlgi top surface_ of the first
flexible substrate: a secon fiaddd S%qu'bsmceremsgmg‘a“‘m‘)f fluids

through the fabric.

It is thus an aspect of the present invention to provide a fabric assembly
comprising a flexible substrate having a top surface; and a plurality of continuous, non-
overlapping metal plates haﬁng substantially uniform thickness of approximately-

0.051 to 0.127mm, the plurality of metal plates affixed to the top surface of the

flexible substrate and arrayed in a pattern such that a plurality of gaps are defined
‘between adjacent afﬁxcd plates, wherein the gaps are approximately uniform in width,
and wherein the gap width is approximately 0.051 to 0.127mm.
Another aspect of the present invention is to provide a fabric assembly

comprising a flexible substrate having a top surface; a plurality of polymeric resin
Plates having substantially uniform thickness of approximately 0.127mm to
0.508mm, the plurality of piates affixed to the top surface of the flexible substrate
and arrayed in a pattern such that a plurality of continuous gaps are defined between
adjacent plates, wherein the gaps are approximately uniform in width; and a wire mesh

~ embedded in each plate and completely covered by the top surface by each plate.



fijeX|bIe substrate ‘having a‘second plurality of-conti-nuous; non-overl apping:-
/ plates ‘affixed to a top surface of the second erX|bIe:EhMakhaKB5 and a
“third:flexible substrate ' having .a third plurality -of continuous,
non-over | apping plates affixed to a top surface of the third flexible
substrate,. wherein the flexible substrates are arranged in a stack, and = -
wherein each plurality of plates is arrayed in a pattern such that a
plurality of gaps are defined between adjacent affixed plates. It is stil
anot her aspect of ¥henghassgrtt dftheendstio invemtiqoriowipeeride affairiciassemblyenbl y
conprising a first flexible substrate having a first plurality of plates

af fi xed to a topprissigrifac dexdble slbstrdte haingfa festipblrgditgofrsthtimbes, nard a second
flexi ble substrate having a second plurality of plates affixed to a bottom
surface of t hevelepmmyplitésaffiteddo stop sirfaat of theviat fxixible dub@rafd; # sécomhd second
flexible substrates are arranged in a stack, the first and second
pluralities ofleypblatubstrapipoiigtacdoad plnglityafdontinesns) roneseluppingplates t y of pl at es
is arrayed in a pattern such that a plurality of gaps are defined between
adj acent af f i xffdedibatespriaackithe ptcatdibdiagbaont bmliothsd Amdblaeubsioater | appi ng.
Further objectives and advantages of the present invention will becone
readi | y appar bavingtaghirdyderalits lof tdngdudus obivogerapping plars 4ffigedito b kapwurfgeewr i t t en
description of this specification. To illustrate the invention, the

DESCRI PTI ON G thigHEird FpdibFibONGG editicorthoflexitid sibspes afeiacatged in sétaks and

descri bes certain enbodi ments of the invention. However, as wll be

real i zed, theaidyyksseip gash plaplitscof plates dseapaitddn e patirgnach that aplkahiyeofeiss of its
constituent elenments to neet the ui renents of various uses of the
fabric, mntho@@d@@ﬁébﬁﬁﬁgﬂﬂﬂ@ﬁﬁﬂﬁ@ﬂ%&@p@ of the present invention. For
exanple, the fabric may use one or nore |ayers of plate 7a 28 March 2005
arrays, The geonet Kys il apdiker pingetens theforasent ifvamsion o prayidpe fabdensseraldy or di f fer

in any one layer or fromlayer to layer. Various |am nations of plate
| ayer arrays, ctyppising a first flexible substrate having a first plurality of plates affixed to a top

surface of the first flexible substrate; and a second flexible substrate having a second
plurality of plates affixed to a bottom surface of the second flexible substrate, wherein
the first and second flexible substrates are arranged in a stack, the first and second
pluralities of plates opposite facing, and wherein each plurality of plates is arrayed ina
pattern such that a plurality of gaps are defined between adjacent affixed plates, each
plate being continuous and non-overlapping.

; Further objectives and advantages of the present invention will become
readily apparent to those skilled in this art from the following written description
of this specification. To iﬂustrai;e the invention, the DESCRIPTION OF THE
INVENTION scction of this specification shows and describes certain
emﬁodiments of the invention. However, as will be realized, the inventive fabric
is .ca;iable of numerous arrangements of its constituent elements to meet the

| requirementé of various uses of the fabric, without departing from the scope of the

present invention. For example, the fabric may use one or more layers of plate

7a



f~naterials, and connecting materials may conprise the inventive fabric.
Accordi ngly, the draw ngs and description of the inventi2hMaethZ086th in
this specification are only illustrative in nature, and not restrictive.
7b 28 March 2005 WD 02/ 10667 PCT/ USOLl/ 21541 BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is plan view of a fabric enbodi ment having a stack of
layers, a first and |owest.|layer of guard plates; a second superinposed
staggered | ayer iy Me%&%ﬁﬁeﬂﬁeé%éﬁ?ﬁﬂﬁafﬁéiﬁénﬁkﬁ% fiffef inQigr d pl ates;
and a third exterior layer of 5 aperture plates on top of the second | ayer
of guard pl ates } FRIBLARS 1a58Y 8FaribGamB Rk i badd Qure 2 is
a plan view of ?Iﬁ\(ﬁ{‘eg%rl C %& Fi gagre fﬂs oW ngﬁdgﬁﬁf/&tﬁﬁé y%ffﬁga ’ancj'J second

guard plate | ayghssAldnd AfnRAsk b0 haP S5 aRABI A anRONdi NO_the

aperture plate layer, but not OW ng t erior layer of aperture

plates. 10 Figu . SEPEi I gur t that the
posi tion of bo%%?%%hiﬁg%g org%%%g%%gw%ﬁgﬁggﬁ%ﬁﬁgﬂﬁ%F%n%ﬁgﬁéplayer to the
third guard pl . [ . Flguyres 4A and .4B are cross-secti onal
vi ews taken a|g%%“?%ﬁxfﬁﬁgﬁbiﬁgﬁﬁwwﬂég*egﬁ%@PPéﬁﬁvé“Fh Figures 1, 2, and 3

showi ng anong ot her things the position of 15 bonding spots for bonding
the layers. Figure 5 is a plan view of another enbodi ment of the inventive
fabric having first and | owest guard plate |ayer, second intervening |ayer
of aperture plates, and -third | ayer of guard plates each being staggered
and superinposed upon one another, together covering the entire fabric

ar ea.

7h



20 Figure 6 is a plan view of the fabric of Figure 5 showing the first
~guard plate layer, the aperture plate |ayer, and the po28Maesh 2G05bondi ng
spots for bonding the aperture |layer to the second guard plate |ayer.
Figure 7 is a plan view of the fabric of Figure 5 show ng the three |ayers
and t he pd¥90¥®e67of bondi ng spots for bondi ng the seconeCkwRt/etHir d | ayers.
8 28 March 2005 WO 02/10667 PCT/USQO /21541 Figures 8A and 8B are
cross-sectional views takeBRAEBRESCRIPTION ORTHEDPRAWIBKfectively, in
Figures 5, 6, and 7 show ng the position of bonding spots for bonding the
| ayers. Figure 9 i §igrg) Eilapiviy offa falristambediaehiduiing astagk oflpwers abri ¢ havi ng
first 5 and second superinposed staggered | ayers of guard plates. Figures
10A and 10B arfsstonéd insvestdeser ohguardileton a efcondhanpérihpdsed ghggrtedlayer &,  t aken
along the lines A and B, respectively, showing the guard plate |ayers

i nt er posed by giatdadaesvattey ofzthe fifst lgym ef githrd Hates; phdanthird ewenér layef off t her

enbodi nent of the fabric having three 10 identical superinposed guard

pl ate | ayerss. dpemure plated @itoprod tHb2B0ad yaragsard plates,ovtdth wpahvs cofer thee f abri c
of Figure 11 taken along the lines A and B, respectively. Figure 13 is a
pl an vi ew of ambtetfshricandaodi ment of the fabric showing the first |ayer
having a pattern of non-identical guard plates. 15 Figure 14 is a plan view

of the fabric of FiFgmre2 k3 pidnoxdwnef thdabieaRigire | shosvingeiethe fipoaed on t he
first layer. Figures 15A and 15B are cross-sectional views of the fabric of

Figure 14 t aketondlgaad plabtbayerdied th mBitoBof Hoaging efoty/t Yondilazaid ng the | ayers
i nterposed by a
aperture plate layer, but not showing the third exterior layer of aperture plates.

10 Figure 3 is essentially the same as Figure 1, except that the position of
bonding spots for bonding the second guard plate layer to the third gnard plate
layer is shown.

Figures 4A and 4B are cross-sectional views taken élong the lines A and
B, respectively, in Figures 1, 2, and 3 showing among other things the position of

15  bonding spots for bonding the lavers.

Figure 5 is a plan view of another embodiment of the inventive fabric
having first and lowest guard plate layer, second intervening layer of aperture
plates, and third layer of guard plates each being staggered and superimposed
upon one another, together covering the eﬁtire fabric area.

20 Figure 6 is a plan view of the fabric of Figure 5 showing the first gnard
plate layer, the aperturé plaie layer, and the position of bonding spots for bonding

the aperture layer to the second guard plate layer.

Figure 7 is a plan view of the fabric of Figure 5 showing the three layers

and the position of bonding spots for bonding the second and third layers.



base material. 20 Figure 16 is a plan view of an additional enbodi nent of
the fabric having first and second superinposed stagger 28 Masgte2@05f guard
pl ates. Figures 17A and 17B are cross-sectional views of the fabric of
Figure 16 taken along the lines A and B, respectively, showng the | ayers
i nt er posedWhyi2@s6base material . 9 28 March 2005 WO 02/ 1866TVSRETHWSOL/ 21541
Figure 18 is a plan view of an additional enbodi nent of the fabric having
first and second suUfiswrésfidonddBstraggersedionalyieves taifenglong thedines Asménd a third
intervening | ayer of aperture plates. Figures 19A and 19B are

Cr 0ss- sect i onaB, respevtirelyf int Higurésah) 6 amd Gfshdwiggite pdiitian dfboedingkmigfot he | i nes A
and B, respectively, show ng the aperture | ayer positioned between two
sheets of basebamingthedbyerd-i gure 20 is a plan view of an enbodi nent of the
fabric having first and second superinposed staggered |ayers of guard

pl ates and a third Higire9 senjlagvidvayemothef enthodinidit 6f At HbAs havid fmkigur es 21A
and 21B are cross-sectional views of the fabric of Figure 20 taken al ong

the |ines Asanﬁd&coh@s@ﬁﬁmpu@hytagg%mMy&gdf@gara@ﬁlfgsure pl ates enbedded into
the base material. Figure 22 is a plan view of another enbodi ment of the

fabric having firsteiguaddolqwe$iB arerdsfbdetomiN diclvo Bf &b BRLL 0PRised 0, St agger ed
| ayers of guard plates and a 15 second intervening layer of aperture

pl ates, toget hgkenGR ?rmengle& Ren@Bt febRclily, Eowissihb 3684 pﬁtegﬂjl;e?s 23 is a plan
Vi ew of the fabric of Figure 22 showi ng the first guard
interposed by a base material.
Figure 11 is a plan view of a further embodiment of the fabric having three
10 identical superimposed gumd plate layers.
Figures 12A and 12B are cross-sectional views of the fabric of Figure 11
taken along the lines A and B, respectively.
Figure 13 is a plan view of another embodiment of the fabric showing the
first layer having a pattern of non-identical guard plates.
15 Figure 14 is a plan ﬁew of the fabric of Figure 13 showing the second
layer superimposed on the first layer.
Figures 15A and 15B are cross-sectional views of the fabric of Figure 14
taken along the lines A and B, respectively, showing the layers interposed by a
base material.
20 Figure 16 is a plan view 6f an additional embodiment of the fabric having
first and second superiinposed staggered layers of guard plates.
Figures 17A and 17B are cross-sectional views of the fabric of Figure 16

taken along the lines A and B, respectively, showing the layers interposed by a

base material.



pl ate layer and the aperture plate | ayer and the position of bonding spots
for bonding the second guard plate |layer. 20 Figures 242¢ Maddh 2088d 24C are
cross-sectional views of the fabric of Figure 22 taken along the lines A
B and C, respectively. Figure 25 is a plan view of another enbodi nent of
the fabri ovoeddosg first and second superinposed, staggeeEusiiayars of guard
plates and a third and top aperture plate |ayer, which also shows the

posi tion of bondi nBigsrotSds a plon 2B wivH ae AdROBE! andobRiehDeBle fbriy WS@E/ 21541

Fi gures 26A and 26B are cross-sectional views of the fabric of Figure 25

t aken al ong t liestlahdesor sapetinByosedespgetei lagkry of Rlaglipletss &idA thiB] and C are
cross-sectional views of a further enbodinent of the fabric of this

i nventi on compitersenige Guarod apdriateplaes ays having integral netal 5 wire-nesh
reinforcenent. Figure 28 is a plan view of another enbodi ment conprising a

first layer of herggeaisancd OEAEohes-teai@nal detwpalind fabhogfFpgme 1Fi gures 29A
and 29B are cross-sections of Figure 28 taken along lines A and B of

Fi gure 28, sresfes hlod@thy lindA khdiB[ @spdbliviely, shotigStBe GRatteaiat positiinedf anot her
enbodi ment of the fabric of this invention conprising a netal guard plate

| ayer. Fi gur e baiveskMSshaet§ 60%8e meedidion of Figure 9 using netal for the
guard plates instead of polynmer. Figure 32 illustrates a 21 G nedi cal

needl e i npi ngi NG UPRRCROTES ?ian Ui oF an badliaR oma&“mc%hﬁglﬁﬂm Figure 33
is a cross-sectional viewof a fabric that is a hybrid of wre-nesh

second superimposed staggered layers of guard plates and a third intervening layer

of aperture plates,

10 Figures 21 A and 21B are cross-sectional views of the fabric of Figure 20
taken along the lines A and B, respectively, showing the aperture plates embedded
into the base material.

Figure 22 is a plan vie\%r of another embodiment of .the fabric having first
and lowest and third and top superimposed, staggered layers of guard plates and a

15 second intervening layer of aperture plates, together covering the entire fabric
surface.

Figure 23 is a plan view of the fabric of Figure 22 showing the first guard
| plate layer and the aperture plate layer and the position of bonding spots for
bonding the second guard plate layer.

20 . Figures 24 A, 24B, and 240 are cross-sectional views of the fabric of
Figure 22 taken along the lines A, B and C, respectively.

Figure 25 is a plan view of another emb-odiment of the fabric having first

and second superimposed, staggered layers of guard plates and a third and top

aperfure plate layer, which also shows the position of bonding spots.

10



and netal guard plate fabric enbodi nents. Figure 34 illustrates another

met hod for bonding nultiple | ayers together. DESCRI PTI Q§ K&rchrB05NVENTI ON
20 | NTRODUCTI ON A primary objective of the present invention is to provide
a fabric with superior penetration resistance, while at the same tine

mai nt ai ni Yoazimegh degree of fabric flexibility. Depen#cmigsonisthe i ntended
application, the fabric can also be constructed to provide

abr asi on-r esi st anc €jguaisr?édiane B as conhanided! gewpoiibe bbae afttigre8i i cs,
breathability, and other desirable characteristics. 11 28 March 2005 WO
02/ 10667 PCT/ WiSh Avhp ik linkXRIaANA HeSectlelyTERVS To assist with the
under st andi ng of the inventive fabric, an explanation of sone of the terns

~used in this discl Ok 2178, Praay CdedlcrosEhectiul visvatdf afurtier ehbdith@it s i s not
intended to be either a definition or an exhaustive explanation of those 5

terms. A full ofedensicaTdingvetiol basRisRIgNErdiptatd £rdyehPaigiategd] mewm t he

expl anations, the entire witten description of the invention, the
dr awi ngs, @nd wiltemedlraintleesht fOorth in this disclosure in conjunction with
t he common understanding of those ternms by one skilled in the art.

"Aperture” refers wRuAmsAE 8l licltE ah AR ehibO @MY Eﬁﬂn{ﬂﬁﬁf‘b&yé&'o@te when
10 two or nore plate |ayers are superinposed on each ot i n other

words, it is h@fhgaﬁbe(ﬁidgfse&,\flgqumpgﬁug@gqmgn a fabric having two or nore
pl ate | ayers superinposed on éach other. "Aperture plates” are plates that

usual Iy have a Smadefes3083ndh go Es-&ctuﬁﬁ%kﬁfgﬁre%ﬁ%ﬁ%loﬁéhﬁé&%fab” ¢ than

guard plates. Generally, aperture plates are
and B of Figure 28, respectively.

10 Figure 30 is a cross-sectional view of another embodiment of the fabric of
this invention comprising a metal guard plate layer,
Figure 31 shows a cross section of Figure 9 using metal for the guard
plates instead of polymer.
Figure 32 illustrates a 21G medical needle impinging upon a metal guard
15  plate fabric embodiment,
Figure 33 is a cross-sectional view of a fabric thatis a hybrid of wire-mesh
and metal guard plate fabric embodiments.
Figure 34 illustrates another method for bonding multiple layers together.

- DESCRIPTION OF THE INVENTION
20 INTRODUCTION

A primary objective of the present invention is to provide a fabric with
superior penetration resistance, while at the same time maintaining a high degree
of fabric flexibility. Depending on the intended application, the fabric can also be
constructed to provide abrasion-resistance, abrasiveness, enhanced grip

25  characteristics, breathability, and other desirable characteristics.

11



15 positioned to cover apertures not covered by superinposed guard plate

| ayers. "Base material" refers to a sheet-like material 2&Maréchs20fdneral ly a
non- woven fabric. A layer with connecting material may be supported on a
base material. The base material provides resistance to fabric tearing and
over all wopmEwgi’h to the fabric. The base material myrbrusRkesat ed for,
anong ot her 20 characteristics, flexibility, strength, bonding

charact eri st i BXPLANATHONORTERVRUbSt ance, conpressibility, liquid

i npermeabi lity, chem cal resistance, breathability, and washability
dependi ng on the ufe agHist with tHei imddrstprdifithamadetivé fabrie, tah exilamatort 9fve f abri c.
The base material provides horizontal and optional vertical integration to
the fabric. Wsemebfihe pdrat esd in tisekchlre shyedvidal. tThe ehdsati@bofited er i al |

whet her or not the base material supports a connecting material, the base
12 28 March 20&msWhd 2itdddedid HeCTidsaddfid fibmdr anrerlimstivlexplahativs of thesesubst ance
of the plates to penetrate into the base material and/or to adhere to the

base nat er5al tertlhe AbfaH endedt@wdinglof oy toeas Dt beRa@reddfonbite penetrated by
the plate substance to achi eve optimum bonding with the plates. Exanples

of suitabl e nakglkhatibss, HRlenthdsRiteR H&EHF ondIF Eheliiediion, BRIYRFAS] andThe
pol yaram de, acrylic, and cellul ose material. "Connecting nmaterial" refers

to a porous flRkhbiceformtie thiddiscldstre iYorAGichon WRPES bymMoy 8ilefsBRfing Or a web
of fibers or bands. For certain fabrics of this invention, an array of

pl ates is est abirHosdtefndBy dheSRNNEG G, Mt erial . For certain inventive
fabrics, the connecting material may be supported on a base material. A 10

representative exanph&upd réfed' 4PRtLorIRYABSE AdGovBRldNiaBY plaf WRRhY est er
chiffon. The connecting nmaterial is selected for itS porosity and

flexi bl g, _bho bimaloghuskleehedelifboldin ahlldiicrof f AEAVICHE, ficonnect] on

between plates in a layer and for 1ts abi (
an area of overlapping gaps in a fabric having two or more plate layers

superimposed on each other.
“Aperture plates” are piates that usually have a smaller area and cover a
smaller expanse of the fabric than guard plates. Generally, aperture plates are
15 positioned to cover apertures not covered by superimposed guard plate layers.
“Base material” refers to a sheet-like material that is generally a non-
woven fabric. A layer with connecting material may be supported on a base
| mateﬁal. The base material provides resistance to fabric tearing and over all
strength to tﬁe fabric. The base material may be selected for, among other
20  characteristics, flexibility, strengﬁl, bonding characteristics with the plate
substance, compressibility, liquid impermeability, chemical Tesistance,
breathability, and washability depending on the use of the final product made
from the inventive fabric. The base material provides horizontal and optional
vertical integration to the fabric. When the plates are established on the base

- 25 material, whether or not the base material supports a connecting material, the base

12



enhance the resistance of a plate to debondi ng stresses exerted on the

i ndividual plate by spreading the debondi ng forces thro2ghacth 2008 array of
pl ates rather than 15 concentrating the debonding forces on a single plate
or a few plates. Wien the plates are established on the connecting

mat eri al , wwevives7 or not the connecting material is suppoudoechson a base
material, the connecting material allows the substance of the plates or
the bondi ng ofmdiérin} alitveshosmbitatce bhde platt espeherqdein@ithaitase miaterialugh t he
connecting material. 20 "Fabric" refers to the inventive fabric of this

di scl osure. | tanil/sr Aradheaé toahgieRembtefiil. dhe b&a siatediglomiyeecbut need ihbeh t he | ayer
is an ordered array of plates. Each plate array is nmaintai ned and

stabi | ized i n pep@iated ®f tikyplae SibktRidead achieds Bptith@h Bonddiplvailh iffeplakee. est abl i shed
on a connecting material, on a base naterial, or on a connecting nmateri al

supported on &ERAPRs BPduREY hnated s fOPBR: Bse nhaSer@Darahfion | Blgést&' ate layer that is
not covered by plates. 13 28 March 2005 WO 02/ 1066? CTIUSAO /21541 " Quard

plates” arg plRty@mnid@heriydld XiR8NEnAedAr g€r area and cover a |arger
expanse of the fabric than aperture plates. "Layer" refers to an array of

pl ates enbedded i n«gONRAH g'nih%rﬁf”r%?s%aﬂ%ﬁé fiddble el PIhS deayer, plates
are not directly connected to each other. The 5 connecting or base nateri al

mai ntains t he 1908k QRS ebfic &i8wdd dBers bEbAkL or éeﬁaﬁmcs gifA&r in an array
and mai nt ai ns the gap between adjacent plates. "Plate” refers to an

i ndi vi dual %ﬁv%nhér# QIdeeo? %teAlngs%Bﬁshg@éfn Q@o‘ﬁﬁe&ﬂ%ma&ﬂﬂt 3k Gerafippe. A plate

i's gener al | Yy anar ut "ne I'n a penetr tron resistant inventive

rabric, (he Plial eSS aNLEHEkE s flerdt ANGILAO0 £ELILANAQ) subst ance.

The plates may opti ave other ¢ such as enhanced
10 representative example of a suitable comecting material is polyester chiffon. The

connecting material is selecied for its porosity and flexibility. It is also selected
for its aBility to provide a connection between plates in a layer and for its ability to
enhance the resistance of a plafe to debonding stresses exerted on the individual
plate by spreading the debonding forces throughout the array of plates rather than
15  concentrating the debonding forces on a single plate or a few plates. When the
plates are established on the connecting material, whether or not the connecting
material is supported on a base material, the connecting material allows the
- substance of the plates or the bonding of the adhesive for the plates to penetrate
through the connecting material.
20 “Fabric” refers to the invéntiva fabric of this disclosure. Itis an
arrangel_nent of at least one layer, in which the layer is an ordered afray of plates.
Each plate array is maintained and stabilized in position by a material. Each plate
array may be established on a connecting material, on a base material, or on a
‘connecting material supported on a base material.,

25 “Gap*“ is an area in a plate layer that is not covered by plates.
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grip and abrasion resistance. The termplate refers to both guard pl ates
~and aperture plates. "Registration"” refers to superi npo2s Barcha200st acki ng,
‘two or nore plate layers in proper relative positions to each other so
that the penetration resistant 15 fabric provides nmaxi num cut and puncture

resi stancewagaost needle-like or knife- |ike objects. fepesahimr plate
| ayers are superinposed on each other to mnimze the size and spacing of

apertures of the f &g platct DG hiieehat GRRRY Bavk @ 15 atdauhd covdPd lafider OF
constituent conponent of which the plates are constructed, as exenplified

by an el enent, epai¥potig fabat HRY afdriuddhigeyrposi tion. The substance may be
tough, hard, and strong, and not friable or brittle dependi ng upon the

application. The subgleaNGRrdtRA BRI ReslchibedRE B codhectihPBr k@t es Wil l -
differ for needl e perietration resi'stance, for cut resisftance, and for

resistance to ghbeh 9 Pa?élﬁ& Rk DO Qb G SRHOHAELEH otnY e Of force. 14
28 March 2005 WD 02/ 10667 PCI/'US01/ 21541  PRINCI PLES OF | NVENTI ON A typi cal

embodi ment of éotﬁ]ﬁeeiiﬁée%r'ga%%r at%)l{igal?néaiﬂaliﬁg%% gﬁitfoﬁé“?ﬁh{c’@ﬁﬂ%g{eﬁdﬁgkf‘o cabRYErs of

guard plates w ayer cted to a base

material or toyug. has %gghﬁﬁﬁﬁggmgﬁg%éﬁ%Eg%%ggg%@mggcting material. The

guard 5 plates are nanufactured of a Substance selected for its resistance

to penetration andT%ﬂ#ﬁgﬁﬁubXﬂLﬂ%@?@gﬁgﬂhﬁg&ﬂ&gSA@%?%ﬁ%fgﬁ@ cement and

abrasi on resistance. h ase na provides o ength to the

o0t ¢, Ll AR A3 R B b SOTER AR GYSTL LGl | 5 ! ot o

for its flexibili we y to bond with
TeSIS

(e BLeL e, SUS S, B0 i oh S50 el St RO
br eat habi | i(} y substance. The plates may optionally have other characteristics, such as enhanced
grip and abrasion resistance. The term plate refers to both guard plates and
aperture plates.
“Registration” refers to superimposing, or stacking, two or more plate
layers in proper relative positions to each other so that the penetration resistant
15 fabric provides maximum cut and puncture resistance against needle-like or knife-
like objects. Generally, plate layers are superimposed on each other to minimize
the size and spacing of apertures of the fabric.
| “Substance” refers to the stuff, matter, or constituent component of which
the plates are constructed, as exemplified by an element, compound, alloy or
20  composition. The substance ma& be tough, hard, and strong, and not fiiable or
brittle depending upon the application. The substance fype and the thickness of

the plates will differ for needle penetration resistance, for cut resistance, and for

resistance fo other forces depending on the encountered level of force.
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and washability, depending on the use of the final product nmade fromthe
inventive fabric. The connecting material is selected fo28MaghEmoesity and
flexibility. It is also selected for its ability to provide a connection
between plates in a layer and for its ability to enhance the strength of

t he bond D¥OWEENGST he plate 15 array and the base mat er PElUSITABItONpPoOSi t e
nature of the inventive fabric makes it possible to realize locally (that
is at the pl atRRINGIBLESIQF ENVEN#EONre, and cut resistant plate features.

At the same tinme, the fabric may exhibit global (that is overall) softness
and flexibility dM@ﬂ@n@O@e@nwtbffa%ﬁgW&m@mnw&%nwnlihp&? of the base
mat eri al and the 20 connecting material chosen for a particul ar

appl i cati on. Byyeradiguird piptesavitiche grardaflatenib sackrieves conniaeled Wurtiaee of thi s
invention can resist a w de range of sub-ballistic forces. The fabric is
not desi gned tmateradpisib albasd mafeiia and arcyedaydd eonnestingthaemalt Toegiagin, The | ar ge
size and extrenely high speed of a ballistic force dictates that ballistic
i npact i nvd vadate dramgefbbgedel afubdtinpescldcted $orlits r@bstanct énmnetratiamd st r ess
wave energy dissipation over an area nuch |arger than the 15 28 March 2005
WO 02/710667 PG bigBhalP fod ddded ifetires of grip exihbmdementiving abrpkios rdststanec. t i cal | y
inportant that ballistic resistance materials nust use fibers with high

t ensi | e st r endihe basemehiidriad proaides @wredligitedzth totiesfibric, Achiding rasistaict ttat i on occurs
in puncturing of a fabric by a blunt probe. If the tip size of the blunt
probe is suff itedrigpbhdoveishigRhingh# idl@Rcisa i ittReEbility semdl dsak spdmgihs 5
stretching and breaking of fibers in the fabric. In the process of needle

penetration tibrigugiticatofbald with tidifate bstnck] 4d Bér hdrdeghiableFaurpenet r at e
fabric sinply by opening up gaps between weaves. A needle penetration

process, tiger efiidrharflAQ&tibDinay REGRHSSaE For Yhel bAVOhMEridlSsh hebrexiANEy on and
breaking of fabric fiber. The design
and washability, depending on the use of the final product made from the
inventive fabric. The connecting material is selected for its porosity and
flexibility. It is also selected for its ability to provide a connection between plates
1in a layer and for its ability to enhance the strength of the bond between the plate
15 array and the base material.
The composite nature of the inventive fabric makes it possible to realize
locally (that is at the plate level) hard, puncture, and cut resistant plate features.
At the same time, the fabric may exhibit global (that is overall) sofiness and
flexibility dﬁe to the degree of softness and flexibility of the base material and the
20  comnecting material chosen for a particular application.
By judicious selection of substances, the fabric of this invention can resist
a wide range of sub-ballistic forces. The fabric is not designed to resist ballistic
forces due its inherent design. The large size and extremely high speed of a

ballistic force dictates that ballistic impact involves a large degree of fiber tensile

25  extension and stress wave energy dissipation over an area much larger than the
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phi | osophy nust be fundanentally different. 10 To provi de penetration

resi stance, one approach is to have a high level of cov2s kgech®005
penetration resistant plates to increase the probability that a needle or
ot her penetrating instrunment will encounter puncture resistant plates. The.
fabric ofWopl/®e¢'nvention will provide 100% pl at e cover BgpUSULR2KS41 hr ee

| ayers of plates. The term"plate" refers to both guard plates and aperture
pl at es. Typi calzeyfabhitet. THs trlakedt quitietlly itnpgrtant thatisAltistib sesistaecesi zed and
positioned correctly in order to achieve 100% coverage. The fabrics

il lustrated i mdférglamst tise fhersFrithingstetsile sigength, godelss, bdd ermryy td Brealsi gures 18
and 19, Figures 20 and 21, Figures 22 - 24 and Figures 25 and 26 are al
three-l ayer asssniiiht gmatiochhesas tnpueautimyea faakdy Ywft ptobe CE tledip szee 100%

pl ate coverage in a direction perpendicular to the fabric surface. 20

Fi gures 9 and ofthe bhiu@ Yiobs isksdfficiehéy lafdeplie @SmibkéntansiebT pedeirgithés 28 and 29,
Figures 31 and 32 are two-layer assenblies. Although, plate coverage of the
fabri-c surfsacetr¥chifg and WeakiETHbas SERbIYrit.SIBé prbbaYof Addle paRRativnea
fraction of the fabric can be limted to only a few percent. This is done
by adj usting ttllilﬁlcljgh;é #2Bric, ¥ief B8 p RF AhedRNEn PRREIS TR isERbly bépepEi t i On Of

the aperture, an y offsetting the 25 two plate layers to mnim ze

aperture si ze.,bags R vRavdsN AlREIIS Skl AloRMAbcedd théRfdva a6l ndP05 WO 02/ 10667
PCT/ US01/ 21541 "hexagon guard plate array of Figures 9 - 10, the hexagon

guard plate mn@tl%rssari | RUBVElendif® <B@ndin a'id%f@kﬁx@ Sf B8R BsiWegNaRdhacent guard

plates is 12 mls. The result is that the open area of the registered

‘two-layer fabrihf,255800k e itaadhiny sdrdef. Additionally, adjusting the gap
si ze between dj%cgnt p a?es ?I?l a Iyayer can 5 reduce the size of apertures

in a two-Igyer fab*’rb?r&&eﬁ:@g&%r{qﬁ&st&&@%&Qﬁ?ﬁhcﬁﬁﬂo‘%{av@ﬁhigﬁléi}@ﬁﬁ' e probe.

Aperture size mnimzatio as the benefit of Increased puncture
coverage by penetration resistant plates to increase the probability that a needle or

other penetrating instrument will encounter puncture resistant plates. The fabric
of this invention will provide 100% plate coverage with three layers of plates.
The term “plate’ refers to both guard plates and aperture plates. Typically, the

15  three plate layers must also be sized and positioned correctly in order to achieve
100% coverage. The fabrics illustrated in Figures 1 — 4, Figures 5 — 8, Figures 11
and 12, Figures 18 and 19, Figures 20 and 21, Figures 22 — 24 and Figures 25 and
26 are all three-layer assemblies. These three-layer assembly fabrics achieve
100% plate coverage in a direction perpendicular to the fabric surface.

20 Figures 9 and 10, Figureé 13 — 15, Figures 16 and 17, Figures 28 and 29,
Figures 31 and 32 are two-layer assemblies. Although, plate coverage of the
fabric strface with a two-layer assembly is not 100%, the open area fraction of the
fabric can be limited to only a few percent. This is done by adjusting the ratio
between plate and aperture size, the position of the aperture, and by offsetting the

25  two plate layers to minimize aperture size. For example, in the equilateral
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resi stance at the aperture-locations. As conpared to three-layer assenblies
of the inventive fabric, two-layer assenblies cost | ess28MaresnBAat ure.
Achi-eving and maintaining the optimal registration is inportant for two

| ayer fabric assenblies. 10 For exanple, the aperture-size for hexagon

pl at es t erggodied7l uctuate a significantly for differinBCregigisati on of

| ayers in an assenbled fabric. Figures 27 shows a nethod of naking a

rei nforced guql@}@hgahgﬁ@dbme@mysfmgmewLeo,nhs]mxagmueﬂlpﬂayﬁmiﬂﬁe Wi re nesh
woul d be netal, but other substances may be used dependi ng upon the

appl i cation. Tgnd@ls $omné addi tBaira@ beitvesadjaleni gaidadatesss tymils Whe e- mesh as
rei nforcenent for the polyneric guardplates. The wire nesh is enbedded in

the guard pl atg ;8sina: thehih areh BEthE spistersbind-1ayidn Eabpic agemblyiinaioudes  pl aci ng
the wire nmesh on a connecting material, pouring the guard plate resin over

the wire mesh-g )a.ng@xa&iegaf115}§atdﬁrsﬁeg thé Qi etveRn alilbéii flaedinplintencams k

patterned in the formof "an array of guard plates over the wre

mesh- connegt i NgyBHRSdAlor ArGRIR J\lolaR: 2k Afbe ditBenhel Be dRmktepat tern has

openings in the guard plat'e locations, curing the guard plate resin with

2 OO o e pHBS A BN, Az R e the bERR0NIBLUBRIp o ¢

plates (in the gaps an tching away the exposed netal nesh between (in.

the gaps) the duargd.nl tﬁ% %.]?emu]éhgcaftig%r. | A oggfﬂgféﬁ $nrddayePbsicBIRE BMehas an

array of metal " "wWre nmes el nforced guard plates connected 17 28 March 2005

Do e e E R 2 S0 1 ORIl LOONG bRl Rei¥ing o) C1 ext ends

bet ween the gdB‘éen roug e guar ates. In this disclosure,
o et oA B SR e iy
10 For example, the aperture-size for hexagon plates tends to fluctuate a significantly
for differing registration of layers in an assembled fabric.

TFigures 27 shows a method of making a reinforced guard plate layer using
wire mesh. Typically, the wire mesh would be metal, but other substances may be
used depending upon the application. The fabric of Figure 27 is fabricated uging

15 wire-mesh as reinforcement for the polymeric guardplates. The wire mesh 18
embedded in the guard plate resin before the resin sets. The process includes .
placing the wire mesh on a connecting material, pouring the guard plate resin over
the wire mesh-connecting material combination, placing a photo mask patterned -
in the form of an array of guard plates over the wire mesh-connecting material

20  combination so that the photo mésk pattern has openings in the guard plate
locations, curing the guard plate resin with ultra violet light, washing away the
uncured resin between the guard plates (in the gaps), and etching away the
exposed metal mesh between (in the gaps) the guard plates. The fabric produced

by this process has an array of metal wire mesh reinforced guard plates connected

H
@ -
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An oct agon-and-square plate array has the benefit of nuch reduced
sensitivity in fluctuation of the aperture-size when the28 bgrci 20061 on of

| ayers is away fromits predetermined initial position, which allows for a
| arger registration tolerance. For exanple, in the equil ateral

oct agon- arwio 8zwas’e guard plate two 10 | ayer array of Fipcresnt&Gsand 17
(SF18), the octagon guard plate mnor dianeter is 80 mls and the gap

bet ween adj aceogetigtisy cbnpéciihgsaiesal]l @hich Estendt hetwegeihe gapsand fhroughitle r egi st er ed
two-| ayer fabric assenbly is about 3.4% identical to that of the two

| ayer hexagon gaiiafatdf the fabric of Figures 9 and 10 (SF15). However, the
size and density of apertures in the nulti-layer fabric for SF15 and SF18
are different. 15 TheisSEtBsirgRnibafialentsof g dfveRid fosidakesodlctimygs has smal | er
but nore nunerous apertures than the SF 15 two | ayer hexagon array. For
the sanme guar defplétte bRk degip@itibhl BB 15 SEER SFI A @nd ffoith @dhscager t ure size in
the SF18 fabric is about 80% smaller and nore nunerous than the apertures
for the SF35 hgbrhd&. A polynmer resin is suitable for use as the plate
substance for the inventive 20 fabric. In choosing a polyneric resin as a

pl ate substance, 'kn'oétagdlpé?ﬁisaﬁref;@teﬁﬁﬁyﬁﬁ thébedbAiQRthubP Rdu@t ween the
polynmer resin and the base material. A suitable polyner resin for

construction @éns{tﬂrﬁy Bl ﬁlc%ﬁnbéoﬁh@é'b%rt&%fsize hedt ﬂﬁh‘ég@@x‘aﬁo@@ﬂ%&éﬂ gsin
formulated to (1) provide puncture and cut resistance appropriate to the

application gf,f Hsm gféd&emﬁzéd)mlﬁﬁl@ #iBE Wik ﬂ%@v@k‘cﬁ’ &Jgefr):%létﬁm%em bl e and

yet strong, (iv) bon ase materi al Il ave good
h definit t 667
PCT! UsoL/ 21541 il FEgELR! bt Afuc %%5‘???@?%%“%?3% reet these
t d I I
To57 Pl onalr fa1es gt Pieis 18 Y &?f@%é@%%@%&ﬁ%fﬁf%ﬁe% PERLERS o w
resin that ne%b ?mfs Qﬁd ﬁj@ %E@g&‘%elnsahjag%t g‘&&d ]tglg{eg R 12"hils. The open area of

this registered two-layer fabric assembly is about 3.4%, identical to that of the two

layer hexagon array of the fabric of Figures 9 and 10 {SF15). However, the size
and density of apertures in the multi-layer fabric for SF15 and SF18 are different.
15  The SF18 two layer octagon-and square array has smaller but more numerous
apertures than the SF15 two layer hexagon array. For the same guar_d plate and
aperture sizes, the individual aperture size in the SF18 fabric is about 80% smaller
- and more numerous than the apertures for the SF15 fabric.
A polymer resin is suitable for use as the plate substance for the inventive
20  fabric. In choosing a polymeric fesin as a plate substance, it is important to ensure
a strong bond between the polymer resin and the base material. A suitable
polymer resin for construction of the plates is a one-part heat-curable epoxy resin
formulated to (i) provide puncture and cut resistance appropriate to the application
of the fabric, (ii) be screen printable, (i) be flexible and yet strong, (iv) bondablé

-~ 25 tothe base material, and (iii) have good shape definition during printing and
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this paragraph and has given it the designation: TR21. And TR84. A suitable
base 5 material is a non-woven pol yurethane and nyl on sy@8Maretc2008at her
such as Anmara(r), available fromdCarino Anerica Corp., 489 Fifth Ave.,
31st Floor, New York, NY 10017.Q her suitable materials include woven or
non woven wWeawatised s, nylon, pol yester, polyaram de, acrygirivsyi/zesahl ul osic,
and simlar materials. The guard plates and the aperture plates are very
thin and of a swibgt fuwbeesitb@raahablyfolmlatelsb steeidhq@e ndteriatndare failade equi val ent
to that exerted by a cutting force of the |level and type for which the
fabric is to bifomdedeamgief Fislcoiridastried, Ircs 1967RigredrRd.) Hultigdde@aileichown t hat ,
if polymer resin plates are printed directly onto a base material, they

tend to debondriasidsywitbleRastthented £rebis tigtb&cihe tharsdi@Riicset foflbirasi on
forces during use. However, it has been unexpectedly discovered 15

according to tthis%:aia@ﬂé@}ﬂhﬂd@ﬁs bivad it thef dedigh-B¥@ITRIM. ARDTREL. | AGuifiBle®hdeal is |aid
on the base material before establishing the plate layer array, the

bondi ng betsieanatti is AMAtveoveRYSudihand M8 nPRS 8yrilHiie ldafler, lsSchmr kedl y
i nproved. For exanple, a connecting material is arranged atop a base

material . A pl&h&®a@05E 4 difinoeShaRh CoRedsby:iml A%, N9 albeMRiat e of the
pl ate | ayer array atop t he connecting 20 material and printing the plate

layer array W¥dixavgybs@PORePQidhE malcsials Ehcluﬁ@%ov%rﬁﬁﬁﬁm&@ﬁnﬁeﬁﬁml etely
penetrates through the connecting naterial and continues to penetrate

through a surfggg fréste?’boﬁzfa:ahl?@e 9&?& H@fuﬁ:fsicaénd s nERMARCT I Ng Materi al

t hus becones an i n?egr al’"part of the plate layer array. Due to the
[ ecomnec on bbbk it sl ebEaRIIRIDS
EAIGH e T S
the level and type for which the fabric is to be used and for which it is designed.
It has been known that, if polymer resin plates are printed directly onto a
base material, they tend to debond easily when the plate is subject to shear or
abrasion forces during use. However, it has been unexpectedly discovered
15  according to this invention that, if a layer of connecting material is laid on the
base material before establishing the plate layer array, the bonding between the
plate layer and the base material is markedly improved. For example, a
- connecting material is arranged atop a base material. A plate layer array is
established by placing a template of the plate layer array atop the connecting
20  material and printing the plate lajrer array with a suitable polymer resin. The
polymer resin completely penetrates through the connecting material and
continues to penetrate through a surface portion of the base material. The
conmnecting material thus becomes an integral part of the plate layer array. Due to
the interconnection between the individual plates of the array by the connecting

25  material as an integral part of the plates and of the plate layer array, any force
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di ssipated by the connection of the individual plates to each other through
the connecting material. A connecting material may be apyMaesro2R05and
flexible material, which 5 nay also be characterized as a web. The
connecting material may be any such material into which the plate materi al
may . be i ntwgnatdey7 bonded. A suitable connecting materi abriusniamsit ypi ca
commercially avail abl e polyester chiffon. The connecting material spreads
any force, incéxeddéden ihnfablic asfavethbiorad teadpl debshdton iddiddudsd plafedace of t he
fabric between nei ghboring plates. The | ateral connection afforded 10 by

t he connect i ngdissatiiibatha @ohetsen diie: idelvrRingiphgessd eRA StHep thadighYheeach

i ndividual plate. The connecting material is chosen for its ability to
provide an i ndafctnneeltigin between plates in a layer, and for its ability
to enhance the strength of the bond between the plates and the base

nmaterial . Because tAgmnRbdAhgMateRhi@ndyid MY podhParA T A6 WcONNect i ng
material, the presence of a connecting 1g mat eri al has the added benefit of

re-enforcing %?}hlﬁi@cﬁaﬂé&&ﬂ&e@&%@.%@@&m@& Imat&Bi MRY Ke afliGsh @ connecti ng
material is used together with a base material, the fabriC denonstrates

enhanced punctyiiaio GHioh AL ARG AN S ABRRAAA ditaiie. pr esent

invention are able to providé needle puncture resistance, against a needle

i Mpi ngi ng upo 3 ' . i |y the fabric
npi ngi ng up %ohﬁh%tlﬁé‘ﬁﬁﬂeﬁalﬁéa%n?wgb frcia a gg@%rﬂg@&& MR 78

surface and at angles subs ess t potential for

penet rat | on camhied fabeh Ay otk ARAG:ARaMLS, ol dblialy Y obe A

| ow- angl e needl e may greaterten t a pldte off the fabric

surface or {0 HARELAShIANA, AN AREHL HLR: AL LHSToAEL Al LASLPD fabri c

| ayer. Maintaining a mniml gap srze ween plates, a mninal open area

'm[‘ tzﬁes ¢ 23{0! g@gﬁ%@ﬁ%ﬁéﬁ mg%@% BidTb thiBod@hS LER v IS AL ARANGE " '7 ayers
plate. The cbmlecting material is chosen for its ability to provide an |
interconhection between plates in a layer, and for its ability to enhance the
strength of the bond between the plates and the base material. Because the plates
are formed onto and through the connecting material, the presence of a connecting

15  material has the added benefit of re-enforcing each plate with a continuous fiber
network. When a connecting material is used together with a base material, the .
fabric demonstrates enhanced puncture and cut resistance.

Fabrics according to the present invention are able to provide needle
punciure resistance, against a needle impinging vpon the fabric at an angle of

20  approximately 90° to the fabric éurface and at angles substantially less than 90°.
The potential for penetration can be greater from a low-angle needle or similar

" probe. A low-angle needle may have a greater tendency to lift a plate off the
fabric surface or to penetrate through an aperture and then below the top fabric
layer. Maintaining a minimal gap size between plates, a minimal open area in

25  superimposed layers, and a minimal vertical distance between layers of the fabric
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enhances penetration resi stance agai nst even | ow angl e penetration. Figure
32 depicts a needle of the type used for nedical applicasmManch DEisng

st opped by one enbodinment of the fabric after only a slight penetration
between the nmetal plates of the fabric. The m niml gap size depends upon
the material used for the guard plate and the thickness of the guard :
pl ate. Generally, the gap size should not be smaller than the guard plate
thickness to maintain flexibility. The thickness of guard plates range

from0.127 - 0.5bMees pBEtabion yesistanceageing eoaHowange pamathiion. Fizig!32 The

vertical distance between | ayers should be below a couple ofmls to | ower
the probabi | it fepirtsamgedic pfdhrtypensed forwieilical applidatiomsbicinigatoppaddby cadequat e
adhesi ve bondi ng_strength between | ayers. The various characteristics of
“the fabric of thbodimestafihsfinigsfiervalyhisligh perinetonbictwece s et plates ¢fo ensur e
the desired global flexibility of the fabric. Another approach to

achi evi ng penethedabrisn resistance is to use just one |ayer of penetration
resi stant plates. This approach has the advantage of potentially greater

fabric flexibility HednmnimegirsitedependsBpon he indfetiflhséd @thb Beard Pldfet | - | ayer

approach. The absence of multiple layers of plates | eaves™a higher

per cent age of gajthsthivkeess of hOpREd plee Gdnerali{ Shd Bhpsize SIRMRI no agh. However,

when the gap size is narrowed sufficiently inTtelation to the typical probe

tip. geonetry &aﬂﬂﬂimﬂ%iaﬁﬁkkﬁesﬂo&ﬁiiﬁﬁﬁ%&iﬂilﬂ%%ﬂ;&ﬂﬁ%%{ jjon resistance
shows a

may be expected even at the gap |ocations. Figure n exanpl e of a
one- | ayer puncplatesrafgd Sdan0.f1abr Lcoushsen Mg I ._Here a |l ayer
r?bltlo a gu@'s@r@

of closely spaced netal guardplates is bonde ate through a

| 11 s Sl S RSB Ofyy oL 1o 0
couple of mils to lower the probabifity of angle penetration while still maintaining
adequate adhesive bonding strength between layers.

The various characteristics of the fabric of the inveuﬁon must be hi
balance with each other to ensure the desired global flexibility of the fabric.
Another approach to achieving penetration resistance is to use just one
layer of penetration rfmstant plates. This approach has the advantage of
potentially greater fabric flexibility and simplicity in manufacturing than the
multi-layer approach. The absence of multiple layers of plates leaves a higher
percentage of gap space in comparison to the multi-layer approach. However,
whenth gap size i narrowed sufficiently in relation to the typical probe ip
geometry and dimensions, 2 significant level of penetration resistance may be
éxpected even af the gap locations.
- Figure 32 shows an example of a ope—laye; punéture resistant fabric using metal
guard plate. Here a layer pf closely spaced metal guardplates is bonded to a
substrate through a flexible adhesive. The subsirate can be a base material or a

combination of a connecting fabric and a base material. The advantage of using

-
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28 March 2005 netal as guardplate material is that the plates can be
extremely thin while still providing a high | evel of pepgt=ath 2005

resi stance. For exanple, upon static |oading, 0.051lmmthick 304 stainless
steel sheet is puncture proof against a 21 gauge nedical needl e because
the needle fails before the netal does. This allows the gaps between
guardpl ates to be as narrow as 0.0 51mm w thout sacrificing overall fabric
flexibility . The tip of a 21 gauge nedical needle is cut at an angl e of
26 degrees as i,s,emﬁ,!ggw'l j ' ﬁq?}ﬁ r ery 0.051mm t he
needl e penetrates into paﬂﬁramta%yiﬁlgf,a%%tﬁée-ﬂg?snﬁ&g%n 0 ]f{hgngﬁ%efgﬁsect I on

wi dens by 0.0 megimf)ﬁ}egﬂwgaw%%nﬁgﬁg%%m%@s di rﬁcﬁkl ﬁ at a 0.0

51mm wi de gap (Figure 3

ey %ﬁ:fmmﬁgmﬁimmwﬁ P
rsre'[ :I (,:guargplsgt es. Df%orm’ ng me althep a rg\s%ﬁm%e&h‘%mwgalr ¢ Jggfsngﬁ?ﬁ%/ ©
(estotance. | oo oy Bed IS e} b B98I, T il %L1, o
penel 2t on | SabaES LR @B oC, 01 (he one- laver fabiic. The |
cushion " the-t n e 3Bt Bl Rp e TR Sinaehor e b s
Cuo- st op. pr oocs A Seukd 30,00 et R ol ey i e s d® Bespalco o
_one-l ayer fabrﬁﬂ&%&eaaﬁa&%ﬁr 91%' tee:s]s'ionAo lttsaérosséhge%ttioé %ﬁgmoﬁyom -

0.025mm. Ifa21 gauge medical needle hits directly ata 0.05lmm  wide

A

gap (Figure 32), the tip will penetrate - 0. 102mm when it encounters the
edges of two metal guardplates. To advance further, the needle needs to Veither @
deform or delaminate the metal plates or (i) stretch the substrate underneath.
Otherwise, it will be jammed by the metal guardplates. Deforming metal plates
would incur substantial resistance. If the substrate is
‘ Vd&sigued to strongly resist stretching, and a strong adhesive is used to bond metal
to the substrate, a high level of penetration resistance can be expected for the one-
layer fabric, The substrate provides two finctions here: it acts to maintain the
overall integrity of the fabric in the lateral dimensions and it provides the cushion
in the thickness direction to insure that the needle will encounter significant
resistance before it penetratm the entire fabric, |
A two-step process of _laminaﬁon (bonding) and etching is used to make a
one-layer fabric with metal guardplates. A metal sheet (eg. 0.051 -
0.127mm thick stainless steel) is bonded to a flexible substrate (such as chiffon
fabric and synthetic leather Amaxa) with a flexible bonding agent (e.g.
polyurethane). Photo resist films are _
applied on both sides and the metal is etched to leave disconnected guardplates.
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0.127mm thick stainless steel) is bonded to a flexible substrate (such as
chiffon fabric and synthetic leather Amara) with a fl exi b Mab208g agent
(e.g. polyurethane). Photo resist filns are applied on both sides and the
netal is etched to | eave di sconnected guardplates. 22 28 March 2005 WO

02/ 10667 POFOUBOd/ 21541 The etching technol ogy can cone€DUswRB4gap size
with precision dowmn to the thickness of the netal sheet. This produces the
conbi nati on ofThextchmgidcimslbgyong comrobihe phadizswith prhcisier gowmioriay gaps. One
hundred percent plate coverage is not as inportant for cut resistance 5 as
for puncture nEsktebadfaiee meialsheet.Cltkiis preficat the cantiadioh of extireimslyishjugy t ant t hat
the plates be made of a cut resistant material. Metal, ceramc, and

pol ynmer resi ngumdplaehivitheed nairbd gisner al or nmetal particles are exanpl es of
good cut-resistant substances for the plates of this inventive cut

resistant fabric. Angtiide gl pliretovera@sishhot & ithpOitdt Raiclit tbgadnceur abl e
epoxy resin, which can be fornulated, to meet the 10 needs of various

fabric applsi ca E? PEactdY r&i@ing® HoRlusrbsisoe FSe it @ﬂ%&tﬁﬁ%@% phaéks ,
Hunti ngdon Val | ey, PA 19006 (as previously stated esignated by Fielco as

‘TR21) or a metghgabis bf £l 9&sistnt@kBa flbheferBR Xahd \Ailwtymér reita§ fb-as Devcon
Plastic Steel(r) Putty (A, nmanuf act ur ed by i TWDevcon, 30 Endicott St.

Danvers, MA Qif234 “&élhﬁleﬂaﬁor%héﬂpmem@e&aniﬂés Fdbod @BtiARce t hat there
are no stralght-llne areas of the fabric that are uncovered by plates.

Therefore, 1 hisghdhod (e HIllRbRRsiRchEVe auflrem%ﬂa& ahel Geaolb Pkl patterns

of the plates, (i1) shape of the plates, (ii1) size of the plates, and (iv)

size of the 0apibiehOReRak e BLAbEs:. késm fipld g%ﬁbéﬂmsﬁwﬁ@amﬁors must

be controlled 1n the d sign o Ic é iment to assure that there are
no 10 needs of various fabric apphcahons, by Fielco Industries, Inc., 1957 Pioneer Rd.,

Huntingdon Valley, PA 19006 (as previously stated, designated by Fielco as
TR21) or a metal-filled or mineral-filled epoxy putty, such as Devcon Plastic
Steel® Putty (A), manufactured by ITW Devcon, 30 Endicott St., Danvers, MA
01923.

15 It is also important for cut resistance that there are no straight-line areas of
the fabric that are uncovered by plates. Therefore, this is a determining factor in
the choice of the (i) patterns of the plates, (ii) shape of the plates, (iii) size of the

| plates, and (iv) size of the gap between the plates. All of these interrelated factors
must be c‘onﬁ'olled in the design of a fabric embodiment to assure that there are no

20 sﬁﬁght lines of exposed, uncovered fabric, that is, no straight lines of fabric that
are uncovered by plates. A hexagon pattern, for example, as seen in the guard
plate layers of Figure 9, provides a good example where the ratio of plate to gap
size is satisfactorily large. |

Flexibiﬁty is another important attribute for a successfutl fabric of this

25 invention. In a multi-layer fabric, each plate layer must be flexible. The
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20 straight lines of exposed, uncovered fabric, that is, no straight |ines
of fabric that are uncovered by plates. A hexagon pattegdMdrch 2@&npl e, as
seen in the guard plate |ayers of Figure 9, provides a good exanpl e where
the ratio of plate to gap size is satisfactorily large. Flexibility is
anot her i npont/snky attribute for a successful fabric of phygseRessynvention.
In a multi-layer fabric, each plate |ayer nust be flexible. The 23 28 Mrch

2005 WO 02/ 106E:£itngy bEe bast hadehial dnld@¥iblidg Mateial ltheplie geondtyenial and

connecting material, the plate geonetry and size, and the aperture size

bet ween pl at esiAl ndGREUeki@e bAwRG1dtbeN Bldribhik 1Pihe HBAbilikATRE. A critical
control factor to the overall flexibility of the inventive fabric is the

i ntegration ofph &y el Stida\htrbiSactdr 16 HRA9éihil g@xiaiit,ld}%é iBVERFiPe BbRSKI Mposed on

each 5 other and the position, density, and substance of the bonding agent.

The cured bongl i oYX _ . Fogures 1 - 4)
and SF12 fabr iqgésﬁgeﬁg%a gﬂ%g@%&-tﬁagg?ﬁlg]é%ﬁgﬁt ell““%f’&abysté1 5 t‘:’g(%dhcf’a1 éé%gt s

i ndi cated achi e‘?%n@ﬁé%a%{ﬂ(nﬁﬁénﬁéj,g%dn%%ﬁaﬁcg%fh@t%f.lﬁﬁq%ﬁth’fhg byl ustrated

pl ate arrays. te t schenes | strated 1n Figures 1-

B, padnest ves 4.0t 1QPRGGLRLRRGSLOASHDG | MichadlIA kel dygss.  The

adhesi ves intercon Wween connect nd/ ase nmaterial of
o 2 S Hoh AR ATl PGS AR R ISR bh D1 LT of
the fabric i ACFEAE B e Bl s Bl SRS S R Rt B o angi e
Pt eci so. g sERAPRS S be B TR B A RO Rer R SRl or cor o s ze

F:; \é\fg n a; gl%p |p !ﬁ%eggrft I%ngatgg S}"&B P | gnltreé lir?t r%crmrfegtbsuefy beRtweelzegtcclm\él%ct]rJrJ%taln%r bet ween

base material of different layers. This arrangement enhances and maximizes
fexibility of the fabric. Typically, a two-layer fabric of this invention is more
flexible than a three-layer fabric. The presence of additional layers in the fabric
increases the penetration resistance, especially to low angle penetration.

15  However, the presence of additional layers requires more precise registration
between the layers to maintain minimal aperture size between the plates in the
multi-layer fabric. Relative motion between layers and plates is decoupled to

 allow maximize overall flexibility. The d_ecoupling is largely due to the ﬂexib_ility
of the connecting and/or base material. Both of these materials allow stretch of

20 each of the respective layers of tfle fabric. The bonding limits the stretch of one
layer relative to another, but not to a degree that iﬁhibits the desired flexibility of
the multi-layered fabric due to the fact that the bonding does not occur hetween
plates in adjacent layers, but between connecting and/or base material.

In fabrics such as SF15 (Figures 9 — 10), SF17 (Figures 13 - 15), and SF22

~ 25 (Figures 18 - 19), a base material of a certain thickness provides a support for
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al l ow maxi m ze overall flexibility. The decoupling is largely due to the
flexibility of the connecting and/or base material. Botps dMardmh2ds
materials allow stretch of 20 each of the respective |ayers of the fabric.
The bonding limts the stretch of one |ayer relative to another, but not
to a degregobhakss Nhibits the desired flexibility of tRerpihkisal ayered
fabric due to the fact that the bonding does not occur between plates in

adj acent | ayerdgsfferbi blaRAhyMBE A &ﬁﬁéﬁﬁghﬂh&rﬁﬁﬁéﬁ{amb&%%uﬂﬂw&s%eadan fabrics
such as SF15 (Figures 9 - 10), SF17 (Figures 13 - 15), and SF22 25

(Figures 18 - 142} in RsiRASRIAM B'cad oiflr, TnE Bid@LA of Ml FHARSE sBR B¥dedes a
support for 24 °28 March 2005 WO 02/ 10667 PCT/ USO1/ 21541 different plate

| ayers. A Conrh%éria@ﬂme%ﬁaé usHiBh fH%ﬂE@I Corlididedd! iRl RS dforpBEl | ayer in
position relative to each other. The thickness of the relatively soft base
mat eri al funct ' ' ooty | d ; the notion of
plates in théﬁﬁ%é@?@s%g%ﬁ%ﬂ%@@e%ye%ﬁghg%ggﬁﬁac%%%%%&n&%%c ﬁfla)ﬁcreases :
fabric flexibility DE LS. 1 i constructed
to provide%a Iiquiahéggﬁf?%ﬁgakﬁmgﬁgﬁgggﬁPg&ﬁgéggguﬁ sgﬁgggg@?al, t he base
material itself e d.1quid 0, Qrn can be trea it h. sui tabl e
commercially z;)\e}%’ll%ﬁggplg f%“%“%#?iad’? %eolggte%%latﬁ i ﬁ%gs,e mftegel I]Eﬁ;gl (s;im ?eg@{glyand

pol yur et hane. ernative h ri.c itself. can. .constructed with an
a4t onar 17 s SHARer bEa v B SN by ARuge sERGI Y L et hane.
Dependi ng on the. environpnent w.thin ich,the fabric_.of. this invention is
used, breatha5?ﬁpgfmﬁﬁ?ﬁgﬁﬁﬂ%?ﬁéph?ﬁ%%??aﬁ#ﬂgﬂﬁggb%ﬁF%EPﬁ‘i§?n$ﬁe fabric. A
fabric constructed with |ayers uysi onl.y copnectin terial is

i nherently brégphaﬁgﬁ%ngHé%éﬂ§@ﬂﬂﬁﬁﬂgﬁﬁ FeTeh Yﬂé?%?g%ﬁg?ﬁrthe gaps between
the plates is vghé orous. For 15 fabrics constructed with |ayers using a
base mat erilal PO Bric is breathable if the

Depending on the environment within which the fabric of this invention is
used, breathability may be another important characteristic of the fabric. A fabric
constructed with layers using only connecting material is inherently breathable,
because the connecting material in the gaps between the plates is very porous. For

15 | fabrics conétructed with layer.s using a base material, the fabric is breathable if the
base material is chosen to be breathable.

The local (hard) and global (supple) properties of thé fabric facilitate

_ incorpbration of other desirable features into the fabric, in addition to the
penetration resistant features described above. For example, polymer resins for
20 the plates. can be chosen to maxifnize static friction between the fabric and wood,
steel, fish, glass, or other surfaces. Static fiction is particularly important in
~ gloves for industrial uses and outdoor sport uses where grip is an important
consideration. Coating the polymer resin plates with a high coefficient of friction
material can further increase grip strength. Therefore, gloves can be customized

25 foreach specific application by choosing a plate material to suit the frictional
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base material is chosen to be breathable. The |ocal (hard) and gl obal
(supple) properties of the fabric facilitate incorporat®M=pth 2odser
desirable features into the fabric, in addition to the penetration
resi stant features described above. For exanple, polyner resins for 20 the
pl at es carwbeymbasen to maxim ze static friction betweepcefhehalii ¢ and
wood, steel, fish, glass, or other surfaces. Static frictionis
particul arly IHERAlk ARbLyliRacl RUGS: haYfve 005 rluildd $PmeBUI ALY dpOr_SPOTTL.
uses where grip is an inportant co sideration. Coati ng the polynmer resin
plates with ajhhgh | & : Lib S Lol | Alosif A bididaher 1 ncrease
grip strength.%tpgggﬁlgg{,gﬁgﬁg%/nggg'cﬁéﬂhﬁ%h(gﬁsf?%%ﬁa?%ddﬂf% forgeach specific
application by, i . ri j 1 gtional 25 28 March
DBl catt on, DB GuReH e ML ek YL o BRG ekhdt onal 2520 Ve
readily for w!ﬁ@#v%gzetd%tee sg.{’fac‘}s.v %Bt%%ryex f le gf i bl%d&(g%?ﬂgtf %%?l I cations.
0 % I dés “good g or

Fi el co readil romul ated a resin {ha rov rp st ai nl ess

e o 8 R P RIS ARy S DB ARARNEY 7 1,
oo L B Bl ROBHERe e S RESL L R i P1
L e, 80 B 0 BP0 MBS S e BRI, 2011 ©
IR T TR TR
o121 vely hacg SLLZASE: o Sheh o sbiase (abher SRy sp gLy Tor el

flexibili t1§ of the base material of the inventive fabric can be separately
c

optim zed ‘dcc (S?IJHIIG AoUiteple foe clyarng yelptiyely B syrfases- dwsh rpebrpfiva s | nal

may also serve for wet or dry sanding. Again, the abrasion characteristics of the

plates and the flexibility of the base material of the inventive fabric can be
- separately optimized according to the use characteristics desired in the final
product. The suppleness and compressibility of the base material has been found
15 | to be of particular importance for design of a fabric used for abrasive purposes. As -
the abrasive fabric moves across the surface to be abraded, the individual plates
are allowed to compress into the base material and thereby conform to the
. deviations in the abraded surface. Without this compressibility feature, the
abrading fabric would not be as efficacious in its ability to smoothly move over
- 20 the abraded surface and perform flmcﬁon whether it be cleaning or sanding.

DETAILED DESCRIPTION OF THE FABRIC STRUCTURE

The following detailed description of the structure of various embodiments
of the penetration resistant fabric of this invention enables any person skilled in
the art to make and use this invention and sets forth the best modes contemplated

25 by the invenior for carrying out the invention. Various modifications of the
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product. The suppl eness and conpressibility of the base material has been
found 15 to be of particular inportance for design of a p&hareh 2005d f or
abrasive purposes. As the abrasive fabric noves across the surface to be
abraded, the individual plates are allowed to conpress into the base

mat eri al amdoidweg7eby conformto the deviations in the pbfasedissurface.
Wthout this conpressibility feature, the abrading fabric would not be as

ef ficaci ous i Niebdribe@éthbddinfertPoSADRVILYVe ABNE hoWeVer, 2@ 1B ecaally Afhednisur f ace and
performfunction whether it be cleaning or sanding. DETAI LED DESCRI PTI ON

OF THE FABRI C tSiigb ki id he aft@et01d MepRtAdsl e thedRSEhiNhh K6 the structure

of various enbodinents of the penetration resistant fabric of this

i nvention enabiefSedanYhiPRfigUskidibgd in the art to make and use this
invention and sets forth the best nodes contenplated 25 by the inventor for

carrying out the i RvgdiQ aL i e I ORSsoHeti rch 2005
V0 051 10667 PCT) Us g e R ART e Bl AR enR red b YC br e,

however, wig | 4 de@%ﬂ&ﬂohléﬁﬂ%%ﬁ@FlsfﬁdEgﬁ)%fféﬁQagé@ﬁe{eﬁf@?e art because the

principl es of the present i'nvention are define witten

description. In this. di - ' - | ti

retorred (o by 5 R aAch R FISRRAChRRILS: Ayl Il RGN oo | Cace
f f . El ' iJ t . s c y o f i,c 10

erboai ment . SEPti R e SILRNE Rftel o BB iR A A RS o

T e e A AR T

pl ates 12 are "space rom-eac .
aver L i eSO L A i AR50 30 8 11
Ijl_?leg.;ijcig ltOO lala"rXse {6 o]fl%he carallcsi%n\lllm ptlattle ?2 a%g &12 Fé‘acrlgel, " sergamtl él!la?(k pljét%'lay-!;p FS itsWO layers
identical to léyer 14, also with a connecting material iS . The two layers 14 and 18
are superimposed and oriented to each other to minimize registration of inter-plate
spacing 20 between the first and second layers 14 and 18. As seen in Figure 2, in
this orientation, the inter-plate spacing 20 forms a non-interconnecting network of
15 | generally séuare—shaped apertures 22 with rounded comners. Figures 4A and 4B
are cross-sectional views of the SF11 fabric of Figure 1 - 3, taken along the lines
‘A and B in Figures 1 and 3, respectively, showing the first and second guard plate
12 layers 14 and 18 and the position of bonding spots 27 for bonding the layers 14
and 18 to each other, and the third layer 24 of aperture plates 26 with the position
20 . of bonding spots 29 for bonding iayer 24 to layer 18. The vertical spacing between
layers 14 and 18 shown in Figure 4A differs from that shown in Figure 4B for
illustration purposes only. Note that the bonding spots 27 and 29, respectively,
are positioned so that they are not directly in a vertical line with each other. This

enhances flexibility of the fabric. Furthermore, the bonding spots are at focations

25  where the exposed connecting material of the bonded layers overlap. Bonding is
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are superinposed and oriented to each other to mnimze registration of
inter-plate spacing 20 between the first and second | ayes#ateh 2006 18. As
seen in Figure 2, in this orientation, the inter-plate spacing 20 fornms a
non-i nterconnecting network of 15 generally square-shaped apertures 22 with
rounded cowoe/sossti gures 4A and 4B are cross-sectional pirevd,edsit he SF11
fabric of Figure 1 - 3, taken along the Iines A and Bin Figures 1 and 3,
respectively, @&aowi Resetllbtibhdrotherala bSREEM v glakk ak&to dnthiayers 14 and 18
and the position of bonding spots 27 for bonding the |layers 14 and 18 to
each other, angkxdigtyt hird layer 24 of aperture plates 26 with the position
20 of bonding spots 29 for bonding layer 24 to |ayer 18. The verti cal
spaci ng between | ayars 1 ihsanes ﬂ&@&%@bswg&cgm% 1@érsqm feebwerthigom t hat

shown in Figure 4B for illustration purposes only. Note fhat the bonding
spots 27 and 29y § RSRSUdeREMar o Blifir @ﬁ}étbéi@iﬂﬁgaé J&@% kle“n}i]'l%r.e hot directly
ot exl

in a vertical line wth each his enhances Ity of the

fabric. Fur4h g the

exposed co&%eg$1n §ﬁ%%§$ﬁ§?& lﬁgﬁ§m%%%ﬁééﬁpé?g%§ﬁ%§erﬁ%%ﬂ%g%ﬂglng is 27 28

March 2005 WO {32/ t I 0, t her than
rc {32 (}%Q@agtég 7y 9&9%(88&}@?%[ st n éedlgféfeltz; a‘i’l&@ék 3t ¢ &éﬂ‘

between two ri gl eXI ure

i1l ustrates t é@@@fké@!&%@&lg § £l b Fud B Hads %z&&m%%ﬁ'ﬁw wth a

| ayer 24 of ci aperture’p connécting terial 15. 5

iy I P el e e
o e o el AR B B A S BB L
e o R RO R 200 HLATDLRR e e 21

aperture plates 26 of layer 24 together cover the entire fabric 10. Figure 3 is

essentially the same as Figure 1, except that the position o‘f bonding spots 27 for
bonding the first guard plate layer to the second guard plate layer is shown.
The SF11 fabric can be manufactured by attaching a chiffon fabric to a
15 metal frame, A stencil with a pattern in the form of an array of plates (such as
hexagons) is then placed over the chiffon. The chiffon is backed with a release
film and printed with a polymer resin (such as can be formulated by Fielco or
Devcon as described in more éetail in this specification) through the stencil to
form guard plates or aperture plates on the chiffon. The resin usually penetrates
20 through the chiffon to mechanicélly lock the plates into the chiffon. The printed
resin is then cured (by heat, room temperature, moisture, or ulira violet light as
may be required By the resin’s specification) and the release film is removed to
form a plate layer. Multiple layei's of plates may be stacked together, depending
upon the design parameters required by the application for which the fabric is to

25 beused. To achieve proper regisiration of the layers to each other so as to
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10 18. As seen in Figures 1 and 3, the guard plates 12 of l|layers 14 and 18
and the aperture plates 26 of |ayer 24 together cover tbg Mt 2805 abric
10. Figure 3 is essentially the sane as Figure 1, except that the position
of bonding spots 27 for bonding the first guard plate |layer to the second
guard plate |layer is shown. The SF11 fabric can be manufactured by
attaching a chiffon fabric to a 15 netal franme. A stencil with a pattern
in the formof an array of pl at es (such as hexagons) is then pl aced over

oates o the;&;;g%m“?“es o %f“%ﬁ“ “"ﬁ%‘;’; Ef"?%W ohet rafes 20
\F/)lrl)InEa'?dl | grgﬁSI ho Wcur@ggla&y hghé% h{:%%?f eci f | cacf%;l _anE:I ?hem e
fese 1P vERRER @Wiﬁ*’ﬁ“’ﬁﬂgﬂ@dfﬁf@ﬁiﬁ ot ol o
the abp! fz‘;;;’“ o i C“ﬁmgﬁﬁ Fi el et b cper
(he Fnterpratee et Al f“@**mﬁ%a@“@“ﬁ%a%?ﬁwh
regi stratgl O?IH ?Mtgﬁ}gt%?%‘ﬁre ‘@h&y ﬁfﬁ‘i)’da s cfipgda shegtebd of

manuf acture ertain variations or additional steps
t hat woul d e reagha&nad%%ﬁa&ﬁdq WW@WW%@H@O&@W@ manuf act ur e

. of other fe}g& odi es( r| i.p this speC| fication. _An exanple of
F'g%“s %ﬁﬂa i

an- al t er nat'e Pﬁ‘ uliyviolet cymblesesiris thepisocess  f or
formng the er tP n the stenC|I|ng method In this nmethod a
ol e nReptgAetiab Ak

sheet of cdn thet rgleasedidmds plagedon f ame and -
t he connect, ngf . .. . .
| top thermmandtheresm:sspreadtofonnathmﬂknmthmecomecﬁugmaxeﬁal

embedded in it. The film thickness is typicallyinthe 0.127 - 0.254mm range
and can be controlled by the application of pressure on a blade used to spread the resin.
A photo mask is then placed on top of the release and the whole assembly is secured
together using clips. The fwin not blocked by the mask is then cured under an ultra
violet lamp. The uncured part of the resin is then washed away using an organic
solvent, such as alcohol. Afier drying, a plate layer is obtained. The pheto mask
process has the advantage of better resolution control of the gap size between parts, as
compared to ponvenﬁoﬂél screen-printing. Using the same photo mask procws,- the
ultra violet curable resin may be pre-mixed with glass fibers. After the washing
process, some glass fibers may remain in the gap. between the plates. An additional
etching step is used to etch away these glass fibers. The plates reinforced with glass

are strengthened and more puncture and cut resistant.
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material is then attached on top of a release filmThe ultra violet curable
resin is then is poured on the flane side of the connec8 Maprecre2@5 al .

Anot her release filmis placed on top of the resin and the resin is spread
to forma thin filmwth the connecting material enbedded in it. The film
t hi ckness W&%¥p7cal Iy in the 0.127 - 0.254nmmrange antCE¥EH1BE4tontrol | ed
-by the application_pf pressure on bl ade used_to_sprea h sin. A
photo mask is thenFiﬂ“%?Eéd” %‘ﬁ“ﬁtﬁf? HhEn %‘“@%{Eéb’ﬂfﬁ Iqwgﬁﬁﬁglzgenbl y is
secured together using clips. The resin not, bl ocked b}/ the mask is then
cured under aftSUreseRt VAngpt Theaii2 fabrig i AvewFiend of Hiesame lymg 23 8 i s t hen
washed away usjng an organic_ solvent, such as al cohol. After shying, a
plate |ayer i ngégfazQF‘ﬁé@. utrthe layEs e spapopsdiwes enqpmetheria agdiffasitage of
better resolution control of the gap size between parts, as conpared to
conventi onal $EARESHCR iAstseenn Figrny idontcal pveifpmohepcdagdplatnsddge the ultra
violet curable resin may be pre-m xed with glass fibers. After the washing
process, sdme spcad om;cpely fhorand erégriadin p first beardplptebavenkbwith e pl ates. An
additional etching step is used to etch away these glass fibers. The

pl at es’ r ei nf orcewgctiiathateizd 4§ to meintaint thenmpyiod geadd platds bdr All fometna i and cut
resistant. 29 28 March 2005 WD 02/ 10667 PCT/ USO1/ 21541 Figures 5 - 8
illustrate a fatheiconcifoiogiiandpltte 30 aredhsmanied decdndedard plaBilZg? 18df t he present
invention. The SF12 fabric is conprised of the sane layers as in the SF11
fabric 10, butidentiel lclypard4.mie vatperonngrisechatepidrl S onmamivit theguard a di f f er ent
arrangenent. As seen in Figure 5, identical cruciformshaped guard pl ates
12 are 5 spacebhtd F2omagathe stdieyeraiichndrlR et saperintpogedfand stiemgetatodaghl at e | ayer
14 with a connecting material 15 to naintain the array of guard plates 12.
Al'l four dons ofher toatininkiee @gistition offingiiplade pacihe2dBtascn thdrsslaye 14A second
guard plate layer 18 is identical to layer 14, also with a connecting

mat eri al 15 t andwhi il op tdpgigy«y WA Bhierposed between layers 14 and 18 is a second

layer 24 of circular aperture plates 26 with a connecting material 15 to maintain
the aperture plate 26 array. As seen in Figure 5 and 7, the guard plate artays 12 of
layers 14 and 18 and the aperture plates 26 of layer 24 together cover the entire
15  fabric 30.
Figures 8A and 8B are cross-sectional views of the SF12 fabric of Figures
.5 - 7, showing the first and second guard plate layers 14 and 18 and the aperture
plate 26 layer 24, with each layer having a connecting material 15 to maintain the
guard plate layers 18 and 14 and the aperture plate layér 24. Seen in Figure 8B,
20 are the bonding spots 27 for bonding layers 14 and 24 to each other, and the
bonding spots 29 for bonding layers 24 and 18 to each other. Figure 6 also shows
the location and patteming of bonding spots 29.
- Figures 1 through 8, particularly the cross-sectional views of Figures 4A,
4B, 8A and 8B show the connecting material 15 onto which each of the layers 14,

25 18, and 24 of plates 12 and 26 are arrayed, The connecting material 15 maintains
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plate 12 array. The two layers 14 and 18 are superinposed and oriented to
each 10 other to minimze registration of inter-plate spasgiMgcRdmet ween
the first layer 14 and the third or top |ayer 18. Interposed between
layers 14 and 18 is a second |ayer 24 of circular aperture plates 26 with
a connect i WG %P ial 15 to maintain the aperture plat BCPHSHR2EHY. As seen
in Figure 5 and 7, the guard plate arrays 12 of layers 14 and 18 and the
aperture pl at e8¢ paitegt andagten-plaia spagige rhide pletpy 2 anh26 efiieg yasionslagapts,.c 30.
Figures 8A and 8B are cross-sectional views of the SF12 fabric of Figures
5 - 7, showi ngl& hed 34. rBe saurtiore asiactign af de pomeetingayaeril 13 ingeldtiggioand t he
aperture plate 26 layer 24, with each | ayer having a connecting materi al
15 to mai nt ai rihe feematipnenf thepimay of dagly layer 14818 mut 244wl foditeer axpdainedr e pl at e

| ayer- 24. Seen in Figure 813, 20 are the bonding spots 27 for bonding

| ayers 14 and gardiog $eaietodlhrdmamgaduehe  bondi ng spots 29 for bondi ng

| ayers 24 and 18 to each other. Figure 6 also shows the |ocation and
patterni ng 5of bondiRigrspamd 12 dlustritgafabsic 40 shbatigéntSdenificd acSH1E8r |y t he
cross-sectional views of Figures 4A, 4B, 8A and 8B show the connecting
mat eri al 15 ondntbodhing howhfhtuek of fhe pleddpeinverkibn. A2%SechSn Fiyntk R fMehficapl at es 12
and 26 are arrayed. The connecting material 15 maintains 30 28 March 2005
WO 02/ 10667 PGHLUBAAYR%Sbhal-shijRd padrl plates A eheispiced fiphahéeh sthaehdg of t he
plates 12 and 26 of the various |ayers 14, 18, and 24. The structure and

function of t heieRdReLhisngharBilas lagtkr AUSvithh doghatih®@matcAal 15he feasamt i on of the
array of each layer 14, 18, and 24 will be further explained regarding the

net hod of manufyge s istulsoan kgl éfagenBod Behifkirdl hbthsbiakitpad bald piatedihd
enbodi ment, identified as SF15, enbodying novel features of the present
i nvention.10As isgedaftiRedib@biRetbhg rhA&DN 1 £ ahe connecting material 15 maintains
| the pattern and inter-plate spacings of the plates 42 of each of the layers 44 and
46. The two layers 44 and 46 are superimposed and oriented to each other to
minimize registration of inter—ﬁlate spacing 48 between the first and third layers
44 and 46. As seen in Figure 9, in this orientation, the inter-plate spacing 48 form
15 anon-interconnecting network of six-pointed star-shaped apertures 50. Interposed
between the layers 44 and 46 is a layer of base material 47, with a connecting
material 15 overlaying both surfaces 49 of the base material 47. Figures 10A and
1 OB are cross-sectional views of Figure 9, taken along the lines A and B,
respectively. As seen in Figure 9, the guard plates 42 of layers 44 and 46 do not
20 cover the entire fabric 10, but leave uncovered the non-interconnecting network of
six-pointed star-shaped aperfires 50. The apertures 50 must be sufficiently small
to insure optimum guard plate coverage and the layers must be registered to
mipimize the aperture 50 size.

Manufacture of the SF 15 fabric and other embodimenis of fabric of this

25 invention having a base material are made using the process as described in
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equi | ateral hexagonal - shaped guard plates 42 are spaced from each other and
oriented in a first guard plate |layer 44 with a connecti pgMaméteroe 15. A
second layer 46 is also an array of identical equilateral hexagonal - shaped
guard plates and 10 is also affixed to connecting material 15. The

connect i ngV8Y¥WFE7al 15 nmaintains the pattern and inter PGVEI0&2E9hci ngs of
the plates 42 of each of the |layers 44 and 46. The two | ayers 44 and 46
are superi nposeanesien with BisSEJ 1 fprisaexsens thebthe base mteriahis fisst pdaghed teat i on of
inter-plate spacing 48 between the first and third | ayers 44 and 46. As
seen in Fi gur éhometahfraeg gndyihp eqpneating mateariabislaid en toplofthe bassanstergl. 48 form 15 a
non-interconnecting network of six-pointed star-shaped apertures 50.

| nt er posed belhgaesm fohtrelpkijes isstendileinmioBe cempositaylshe efngriisg matetial i al 47,
with a connecting material 15 overlaying both surfaces 49 of the base
materi al 47. RingthedeserdmcrzandThe reDBperetates s sormeding omédrial/ andwstadhes Bi gure 9,
taken along the lines A and B, respectively. As seen in Figure 9, the
guard pl at &s 48 lpke nalpgeisipddcing. FBe shanerotce@Cean by 2pedidiiconahd oppesifeabri ¢ 10,
but | eave uncovered the non-interconnecting network of six-pointed 7

st ar - shaped apgietofithedadelnatcifa toapeetansther dpPostagsilatbyquf ficiently small  to
insure optimumguard plate coverage and the |ayers nust be registered to
m.ni mze the apert HigerésQ1 aad B2 ard/pinn hatérodsacafoniiveewSredfechially, of and ot her
enbodi ments of fabric of this 25 invention having a base nmaterial are nade

usi ng the proaasterambdeinrni dieitk ihvendte R8ridd0, 614 §REN YR R24ch065 7
PCT/USQ / 21541 connection with the SF 11 fabric, except that the base

material is fistsdinfpobagiued plae 42 lagers®d, ab, 4nd dPBy1EEart BiSo §RIPGEEG Ng mat eri al
is laid on top of the base material. The resin for the plates is stenciled

onto the gonpaesgetiRr. oks dcbeinaanRE Ct, idatidR bfilaRtal hafodahap@Saarmt eri al . The
resin penetrates the connecting nmaterial and attaches to
- plates 42 are spaced from each other and oriented in a first guard plate layer 44
with a connecting material 15. A second guard plate layer 46 is identical to layer
44, also with a connecting material 15. A third guard plate layer 92 is identical to
layers 44 and 46, also with a connecting material 15. The connecting material 15
15  maintains the pattern and inter-plate spacing of the plates 42 of each of the layérs
_'44, 46, and 92, The two layers 44 and 46 are superimposed and oriented to each |
other to minimize registration of iuter-plate spacing 48 between the ﬁrst and
second layers 44 and ;16. As seen in Figure 11, in this orientation, the inter-plate
spacing 48 form a non-interconnecting nefwork of six-pointed star-shaped
20  apertures 50. The guard plates 42 of the third layer 92, together with the guard
“plates 42 of layérs 44-and 46 provide complete coverage of fabﬁc 90. Figures
12A and 12B are cross-sectional views of fabric 90 of Figure 11, showing the
three layers 44, 46, and 92 of guard plates and the three connecting materials 15.

Figures 11 and 12 do not show the position of bonding spots in the SF16 fabric.

. 25 Thebonding positions are not commensurate with the guard plate array. That is,
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5 the base material upon curing. The sane process can be repeated on the
opposite side of the base material to nmake anot her oppozs Mardd 2005 | ayer.
Figures 11 and 12 are plan and cross-sectional views, respectively, of

anot her enbodi rent of the inventive fabric 90, SF16, having three identical
superi mposBY "YW4FY plate 42 layers 44, 46, and 92, whi cRCHP&M&I¥S spot
bonded 10 together., As seen in Figure 11, identical equilateral

hexagonal - shap®8 Pejirst of boping enotsqlvesnal cappspad 9 e prEsetPishegsardifige or i ent ed
ina first guard plate |ayer 44 wth a connecting material 15. A second
guard pl ate | affEs-4Bhq fabriclayers asgbondsd foggtber to minimige yertigaltafisrmens ahect i ng
material 15. A third guard plate layer 92 is identical to |ayers 44 and
46, also with %Pné@ﬁﬁe%%mﬁgcmm@ﬂmrsof&esﬁhleoﬂema&hem@ci@wéri al 15 15

mai ntains the pattern and inter-plate spacing of the plates 42 of each of
the |ayers 440ccasencapipome borties spats Viedipalfysabavee eunltloth intle diffigrenti nposed and
oriented to each other to mnimze registration of inter-plate spacing 48
bet ween t he® f i kewars tend to sevayridt tedyasrtiss MdicaffediblBy. Bewewensing Idss guardl 11, in
this orientation, the inter-plate spacing 48 forma non-interconnecting
network of si xbqpdingremdpasaes-fotthisdati®@tahpentrence sf Edticalldlngueardd pl at es 42 of
the third layer 92, together with the guard plates 42 of |ayers 44 and 46
provi de conpl etcadipg vptathymughouf mioktipts 18¢krs. Fi gures 12A and 12B are
cross-sectional views of fabric 90 of Figure 11, showing the three |ayers
44, 46, and 92 of Jigwrd 1pl-af dhisiaatel a Fideic 5O e@BodBaN 6N Ifigd aBgrEar| al s 15.
Figures 11 and 12 do not show the position of bonding spots in the SF16

fabric. 25 Thentofyihggoywbfhtitesbithiitventitn. AVIIRMGILH A Bigw1h, thbGrguard pl ate
array. That is, 32 28 March 2005 WD 02/ 10667 PCT/ US01/21541 the pattern of

bondi ng split’'s ldwes2 adhe Lbfic Bspacn bdgideplpat semnsarddquiiieraOsxasbnd! at e
arrays. The fabric |ayers are bonded together to mnimze vertical
al i gnment of  shapes, with three alternate concave-curved comers. Three adjacent guard plates
64 together form a circular-shaped aperture to provide for a circular-shaped guard
plate 66. Note that the overall.pattern has an equal number of each guard plates
64 and 66 spaced from each other and oriented in a first guard plate layer 62 with

15 a connecting material 15.

Figure 14 illustrates the second layer 44, identical to the guard plate layer
44, shown in Figure 9, superimposed on the layer 62. Layer 44 has identical
equilateral hexagonal-shaped guard plates 42 spaced from each other and oriented
in a guard piate layer 44 with a connecting material 15, as seen in the cross-

20  sectional views of Figures 15A. and 15B. The two layers 44 and 62 are
superimposed and the guard plates 42, 64, and 66 are oriented to each other to
minimize regisiration of inter-plate spacing 68 between the first and second layers
44 and 62. In the orientation shown in Figure 14, the inter-plate spacing 68 form a

non-interconnecting network of circularly curved arms. Figures 15A and 15B are

_ _25 cross-sectional views of the SF17 fabric 60 of Figure 14, taken along lines A and
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bondi ng spots in successive |ayers of the stack of |ayers. The incidental
occurrence of sone bonding spots vertically above each otrdmardhrdobe
different 5 | ayers tends to somewhat reduce the fabric flexibility.

However, using | ess overall bonding conpensates for this incidental
occurrence¥8P?1P¢7t j cal al i gnment of bondi ng spots thr oBgGHBM/ 2l ti pl e
| ayers. Figures 13 - 15 illustrate a fabric 60 enbodi nent, identified as

SF17, enbodyifhgesaeniizelys buernpssd bejveenhe layers &#hands6. is abasemagsiet 4h ed in Figure
13, the first 10 layer 62 of the fabric is a pattern of guard plates 64
that are equi |'4iles wnnestinggeierishidpystlayidgttothsurfaces af the brsmestatish€hee- cur ved
coners. Three adjacent guard plates 64 together forma circul ar-shaped
aperture to pri6%wid&igums 13Aqind d6B.aAs stenpeliigge df.dhe plant plate642, Kbtaed t hat t he
overall pattern has an equal nunmber of each guard plates 64 and 66 spaced
from each ot heit odtagens it emt 621da mot gover thstentipa dibdic p0,dtecatsayfthe fch-wi th 15 a
connecting material 15. Figure 14 illustrates the second | ayer 44,

i dentical tSo tihlercgumctthguetwak bgaved afnd intepdaterspatinE 6B UTtdadhees uper i nposed on
the | ayer 62. Layer 44 has identical equilateral hexagonal -shaped guard
pl at es 42 spacktrhinehthetitis eaditras caind] ihe peitioddnd innifigUls dzeplfat e | ayer 44
with a connecting material 15, as seen in the cross 20 sectional views of

Fi gures 15A armgletiod.in HeeSHI Wetyleafyiaicshadin 8REFI2 stfledabrivu PeklefqQsed and t he
guard plates 42, 64, and 66 are oriented to each other to mnimze

regi stration afresholdesf pphatire rSpatar §81 e pemennid®r EF15t and second | ayers
44 and '62. In the orientation shown in Figure 14, the inter-plate spacing

68 forma non-intBiga@sneetd NUillA&ENY fbief 120iembbdinichy idehtificdts 8FI® . Fi gures
15A and 15B are 25 cross-sectional views of the SF17 fabric 60 of Figure

14, taken 1@ or@bbdy@snctcPBstuds o2fe ﬁ@érﬁi&n.zﬁg’ S Bi2(nE060L1 R 1A4S01 / 21541

an array of equilateral hexagons 124 interposed with an equal number of squares
126 constitute the guard plates 124 and 126. The guard plates 124 and 126 are
spaced from each other and oriented in a second guard plate layer 122 with a
connecting material 15. A first guard plate layer 128 is identical to layer 122, also

15 with a conmecting material 15. The connecting material 15 maintains the pattern
and inter-plate spacing of the plates 124 and 126 of each of the layers 122 and
128. The two layers 122 and 128 superimpose and orient to each otﬁer to
minimize registration of inter-plate spacing 130 between the first and second
layers 128 and 122. As seen in Figure 16, the guard plates 124 and 126 of layers

20 122 and 128 do not cover the entire fabric 120. The inter-plate spacing 130 form
anon-interconnectiﬁg network of square apertures 131. The apertures 131 must
be sufficiently small to ensure optimum guard plate coverage of the fabric.
Interposed between the layers 122 and 128 is a base material 47, with a

connecting material 15 overlaying both surfaces of the base maierial 47. Figures
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B, respectively. Interposed between the |ayers 44 and 46 is a base materi al
47, wth a connecting material 15 overlaying both surfaggsmspdh 2dpe base
material 47, as seen in Figures 15A and 15B. As seen in Figure 14, the
guard plates 42, 64, and 66 of |ayers 44 and 62 do not cover the entire
fabric 60,wbewadse of the non 5 interconnecting networkpof/usunysad arm
inter-plate spacing 68. It has been determned that it is easier to
control the pokiA aminl 78nale ofomi-sectional ievsif Fizuof 16, tiped dlomigthe limestAh@dSF17 styl e
fabric than in the SF15 style fabric. Therefore, the threshold of puncture
resi stance forBSkdéctivelygreater than for SF15. Figures 16 and 17 illustrate
a fabric 120 enbodinent, identified as SF18, 10 enbodyi ng novel features
of the invention. ABgBELIS dnd |Bla@Plf ahdcros-dedtycdial Jidws, dspecdtiRelplofay of
equi | ateral hexagons 124 interposed with an equal nunber of squares 126

constitute theagtar smiidahes otdé ioslive 2bric TOSTAV AR fRltasd had and 126 are
- spaced fromeach other and oriented in a second guard plate |ayer 122 with

a connecting ap@hips Ed,légge‘x\ecfﬂa§&$4%@ﬂgopéﬁ°@[ilhﬁ¥ﬂ arkPBsebohg! denti cal to
| ayer 122, also 15 with a connecting materral 15. The connecting materi al

15 maintai ns tiﬂ%r%ﬁﬁn%%f@ﬁ%pi:ﬂﬁir@ﬁlﬁ%@i CASREE I RE 15 NGerlAt €5 124 and 126
of each of the layers 122 and 128. The two |ayerS 127 and 128 superi npose

and orient to ﬁ%ﬁﬂeﬁfﬁﬁﬁgdngl-sh%égig‘ﬁ%ﬂ%lafe@gfﬁ %&rsgél%al@%,g{ eak]g'gﬁér’aﬂh ate_spaci ng

130 between the first and secon layers 128 seen in Figure 16,

the guard bl atgs,dat, SR 120 Al YRl Rl 2 ARtk P AORRLGOVET the

entire fabric 120. The I n at € spaci ng rm a non-i1nterconnecting

network of sqyaLe;ARST Mﬁ&%&%«. g RFIAPRYLUEC LR s Bl BRySULT | T ent 1y

smal|l to ensure optinmum guar te ‘coverage o ric.” Interposed

betveen (0 | S APLAN LS 8 HISRYRLAN Tty duagRrect

mat eri al 15 overlaying sur al I'gures 34 28

March 2005 to those shown in Figure 9 above. The connecting material 15 maintains the

pattern and inter-plate spacing of the plates 42 of each of the layers 44 and 46,
The two layers 44 and 46 are superimposed and oriented to each other to minimize
registration of inter-plate spacing 48 between the first and third layers 44 and 46.
15  Asseenin Figure 9, in this orientation, the inter-plate spacing 48 form a non-
interconnecting network of six-pointed star-shaped apertures 50. Figures 19A and
19B are cross-sectional views of the SF22 fabric of Figure 18. Interposed
between the layers 44 and 46, as seen in Figures 19A and 19B, are two sheets of
base material 47, with a single connecting material 15. The connecting material
20 15 interconnects a second layer 72 of circular apertm;e plates 74, each of which |
overlies an aperture 50. As seen in Figure 18, the guard plates 42 of layers 44 and
46 and the aperture plates 74 of layer 72 together cover the entire fabric 70.
Alternatively, a fabric of this inventive embodiment may be assembled
without the connecting material for the second layer 72 of circular aperture plates

25 74. The second layer 72 may omit the connecting material 15, because the
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WO 02/ 10667 PCT/ US01/ 21541 17A and 17B are cross-sectional views of Figure
16, taken along the lines A and B, respectively. Figuresgifranghes are
pl an and cross-sectional views, respectively, of another enbodi nent of the
inventive fabric 70, SF22, having first and third 5 superinposed, staggered
| ayers 44 #wad2me60f guard plates 42 and a second i ntervenusgrzi’gyer 72 of

- aperture plates 74. As seen in Figure 18, identical equilateral

hexagonal - shappertge atates H ateant ddjearrio dstpading sfressen, edbdy wavthle ifithdy or i ent ed
ina first guard plate |ayer 44 with an interconnection of a connection

mat eri al 15. Awérbsurthct plpees. WEthgu avttbouyd iatcond catigt mdirial\Whe sdoorddayedl®ht i cal to

| ayer 44, 10 also with a connecting material 15. The two guard plate 42

| ayers 44 ar e dfdiatlaresbrturt latdd 04 ere ShigbMIhddboRd il Ded 0BV Siatediile TRONNECE | NQ
material 15 maintains the pattern and inter-plate spacing of the plates 42
of each of thescba@héet 6fbROthattBal iSinen prafRed aye s 14¢kr 2 shdAhe @ifs super i nposed
and oriented to each other to mnimze registration of inter-plate spacing

48 bet ween ihms§&ﬂwi5@aﬂd&&ﬂheqeér@emeégsﬁﬁ and 46. 15 As seen in Figure 9,
inthis orientation, the inter-plate spacing 48 forma non interconnecting

network of 'six-poi m@eessioar aBﬁ)!éé-wcﬁéna?%ewEir&gE&ﬁel Hrgand 19B are
cross-sectional views of the SF22 fabric of Figure 18. Infterposed between

the layers 44 iﬁﬂﬁ%r%bo&&eﬁt&ffﬁllxéiﬂveﬁﬁ%ﬁ% 810%3@&&;@41?1@@ 28§24 MRingheet s of

base material 47, with a single connecting material 15. The connecting

material 20 1%§t%§ﬁﬁﬂ@ﬂﬁ&ﬁ§pcﬁed§ﬁ&@@fédllﬂré%rﬁééd% oFéJaﬁiﬁlgé’cEs ARRELUT © plates

74, each of which overlies ‘an aperture . seen 1 n Figure , the guard
plates- 42 of |ayehsnddeans Etﬁ% rtur - of r 72
toget her cover toﬁlg entire %ag%r?fzg?%) p?ag%niét' i‘%é?%/ﬁh?gf%ézrof lge%t%xfhi S

et v TR I8 RS Efh R HUSORER G R T o 0
may omt the GoAREFH NErsMBhE] Hak 1h& 440368 88t material 15. The third
layer 46, composed of guard plates 42 is identical to layer 44, also with a
connecting mateﬁal 15. The connecting material 15 maintains the patiern and
inter-plate spacing of the plates 42 of each of the layers 44 and 46. Tiae two layers
15 44 and 46 are superimposed and oriented to each other to minimize registration of
inter-plate spacing 48 between layers 44 and 46. As seen in Figure 9, in this
orientation, the inter-plate spacing 48 form a non-intercommecting network of six-
pointéd star-shaped apertures 50. The first layer and the second layers 44 and 46,
both composed of identical guard plates 42 and the second intervening layer 72 of
20  aperture plates 74 are oriented and spaced identically to those shown in Figure 14.
Figures 21 A and 21B are cross-sectional views of the SF24 fabric of Figure 20.
Interposed between the layers 44 and 46 is a base material 47. Figure 21A shows
the layer 72 of aperture plates 74 embedded into one surface of the base material
47. The plates 74 are arranged in an array on the base material and then préésed

25  into the base material. Pressing of the plates 74 into the base material may take
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35 28 March 2005 WO 02/ 10667 PCT/ USOLl/ 21541 aperture plates 74 are not
subj ect to debonding stresses, as they would be if they 23®ifcrsR0052Ce
plates. Wth or without the connecting material, the second |ayer 72 of
circular aperture plates 74 are established on a first sheet of base

mat eri al . Wwihe/1ogecond sheet of base material is then prisggedi2zuntio the | ayer
72 and the entire 5 assenbly is cured to the degree necessary. Figures 20 -
21 are pl an apkcewbgsths platek enahcuwddewspartteadgalt ¢uwvel. Jf thoplates 74 baveher

enbodi nent of the inventive fabric 80, also designated as SF24, having
first and thi notteaphillyepmed behreding gpesed ilta ytertasoidatened, thbentife guard pl at es 42
and a second intervening |layer 72 of aperture plates 74. As seen in Figure
20, identi cal askBmblkyus that exrad asheguirgd MEHis ehbpibteny bhihd f3bliatvits plafsar e spaced
fromeach other and oriented in a first guard plate layer 44 with a

connect i ng nmat@béddkd o thebasetolitdtidl is beneiiced Blexibinn OREttecniqgeiaf d pl ates 42 is
identical to layer 44, also with a connecting material 15. The connecti ng

materi al 15 neinpédinaSolitbenRabicanderintould AbeeRbddoe siRoEHiags,0f the plates 42
of each of the layers 44 and 46. The two |layers 15 44 and 46 are

superi nposed aRecaiiPRh&d ohBmBRAEIBIIRAE rdy@irdd Ni M ze regi stration of
inter-plate spacing 48 between | ayers 44 and 46. As seen in Figure 9, in

this orientation, AtddndcRiEhatbtiat & oPRRG MdadBeds OF the Badd ktdriaf £7,@9NNect i ng
network of six- pointed star-shaped apertures 50. The first layer and the

second |aye_rSsééﬂi@P%ufbé,zmlaQ&ilBt?Oma%ﬁ@répﬂaftesi@%ﬂ;dpﬁﬂédtg%rb@seaha&é@a 42 and
the second intervening |ayer 72 of 20 aperture plates 74 are oriented and

spaced 1 dent | Galingiind BRREHRANNT sFIIUES i ficmFIogite glard pikcdud 218 ar e
cross-sectional views of the SF24 fabric of Figure 20. Interposed between

7 et L0 S LSS e e Bt Gl e Lver T

fabric 70.
‘ Figures 22 and 23 are plan views and Figures 24A, 24B and 24C are cross-
sectional views, respectively, of an embodiment of the inventive fabric 100, SF25,
taken along the lines A, B and C, respectively, of Figure 22. Fabric SF25 has first

15  and third superimposed, staggered layers 44 and 46 of guard plates 42 and a
second intervening layer 72 of circular aperture plates 74. As seen in Figure 22,
identical equilateral hexagonal-shaped guard plates 42 are spaced from each other
and oﬁented in a first guard plate layer 44 with a connecting material 15. A third
layer 46 composed of guard plates 42 is identical to layer 44, also with a

20  connecting material 15. The two guard plate 42 layers 44 and 46 are identical to
those shown in Figures 9,11, 17, and 20. The aperture plate 74‘ layer 72 is
identical to those shown in Figures 18 and 20. The connecting material 15
maintains the pattern and inter-plate spacing of the guard plates 42 of each of the

layers 44 and 46 and of the aperture plates 74 of the layer 72. The two layers 44

25  and 46 are superimposed and oriented to each other to minimize registration of
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47. The plates 74 are arranged in an array on the base material and then
pressed 25 into the base material. Pressing of the plateg8™Mar¢m2@s he base
material may take 36 28 March 2005 WO 02/ 10667 PCT/ US01/ 21541 pl ace when
the plates are uncured, or partly or fully cured. If the plates 74 have
not been fWPP¥1teelr ed before being pressed into the baseremUsnizes; the
entire assenbly is then cured as required. This enbodi nent of the fabric
with plates enseddedpidigolStthiovebathe firgitiad seabnd Isyenf 44rmdd6eds bdemtn bi | i ty.
This technique of 5 enbedding plates into base material would not be used
for surface plEges9, inpids dricntakiom, lthe inkepBieapididg 4R fHineX hddi-inkdrgonh&tingqui red. A
connecting material 15 overlies the surfaces of the base material 47, as

seen in Fi gur est@dRodsidpdiied stihshapritaperiptaie A ARusdbRd apPileines22 ad he base
material 47 through the connecting material 15. As seen in Figure 20, the

guard pl ates 4, #Q skt ahdpoeitioniddoBntrdifiatedvud s eRPRIhANS add BE Bfertddk Of | ayer
72 together cover the entire fabric 70. Figures 22 and 23 are plan views

and Fi gures 24fate?7uEbfadyer 24eniplefelf EQ%6all SARS ifRRades Y0, 8hat he&RE6t i vel y, of
an enbodi rent of the inventive fabric 100, SE%Sr taken along the lines A

B and C, respegiisyetompldfly Fivert By 2% codBialisn Sipiaes@Snd 4 Stigde 23nd third
superi nposed, staggered |layers 44 and 46 of guard plates 42 and a second

i ntervening | ay@kw é2inelay&d 2Gith htbdFBsuBlBhRoRed dh héBySCBNFlgarfi gUr e 22,
i dentical equil ateral hexagonal - shaped guard plates 42 are spaced from each

other and or kﬁ&l&s&@, msﬁo&ﬁg%pgmsﬁopaoaa%ﬁgé@@foﬂﬁr %&ﬁaﬁ@m@%&f&ect I ng

~material 15. third |ayer 46 conposed o ard plates 42 i's 1dentical to

aver 44, al SQuh laherdad01580 et rl:o 1o Pkd24AT B LDy A R0 bh AL e 42

| ayers 44 and 46 afe identical t t hose shown I gures 17, and

20. The apgy t Ypeo Rk dhiged £ FINRF 44/ and the puard plates 42 of layer 46 are both
oriented to the exterior of fabric SF25. Interposed between the layers 44 and 72
are bonding spots 102 and interposed between layers 72 an_d 46 are bonding spots
104. Between the layers 44 and 46 is the third layer 72 of circular aperture plates
74, each of which overlies an aperture 50.

15 Figures 25 and 26 are plan and cross-sectional views, respectively, of a
further embodiment of the fabric 110 of this invention. This embodiment is also
referred to in this disclosure as SF26. Third and second stapggered layers 46 and

" 44 of equilateral hexagonal guard plates 42 superimpose each other, with a third
superimposed layer 72 of circular aperture plates 74. As seen in Figure 9,

20 identical equilateral hexagonal—shaped guard plates 42 are spaced from each other
and oriented in a second guard plate layer 44 with a connecting material 15. A
third gnard plate layer 46 is identical to layer 44, also with a connecting material
15, The two guard plate 42 layers 44 are identical to those shown in Figure 9.
The connecting material 15 maintains the pattern and inter-plate spacing of the

25  plates 42 of each of the layers 44 and 46. The two layers 44 and 46 are
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identical to those shown in Figures 18 and 20. The connecting material 15
mai ntai ns the pattern and inter-plate spacing of the guaf@Marcit29542 of
each of the layers 44 and 46 and of the aperture plates 74 of the |ayer
72. The two |l ayers 44 25 and 46 are superinposed and oriented to each ot her
to mni m avoomEset rati on of 37 28 March 2005 WO 02/ 1066rcEAGEhiAIAL/ 21541
inter-plate spacing 48 between the first and second | ayers 44 and 46. As
seen in Fi gursep&imposedtand srietédan teadhl oier td Mimind pispitvhef dpagilag 48 form a
non-i nterconnecting network of six-pointed star-shaped apertures 50. As

illustrated i nphdigpusasiwveén adhirPdhd sbbRd Hyée 48661 40sj tioning of guard plates
42 of layers 44 and 46 and the aperture 5 plates 74 of layer 72 conpletely

cover all of the apR&héte®Set?en 1501dvBalkes hitad iabbise malhidba, 85 &onml etel y
covered by the conbination of plates 42 and 74. Figure 23 is a view of the

llayer 72 of apR{dbisQedtloRiISSew Gr MRS 16PRR9ER 0As bR il AYei HAh Rk guard
plates 42, and showing the positTion of bonding spots 102 for bonding the

guard platse |ughiditk %t&gﬂé’cé sﬂagmg\&ié eyt £ RIRBSEndeide W GE 0240 24B and
24C, note that 10 thé guard plates 42 of |ayer 44 and the guard plates 42

of layer 46 arg;hatb.g Rg@ eﬂqreggo.t'@ﬁedﬁ%%ﬁé%‘g/’?sc)@%réu%ﬁ-&Tu%:]?lét\as'ﬂlt er posed

between the | ayers 44 a are bondi 02 and I nt'er posed between

layers 72 and o%@d]ig{ &&g&?&@ﬁ{}%&sﬁdﬁg&&46,3;9@%%%&3@%&5];&%3%&& SloSpét4 and 46 is

the third | ayer circ pert each of which overlies

an aperture 5%35?91% o'?ft%ﬁp‘%% fé)?icaﬁ%u?e%ﬂﬁgx?p% itk ?ig‘g o‘ffh%%?%cﬁgggﬂto | al views,

respectively, her enbodi nment rnc S invention

This enbodi men, | 5, alese, pf &LSENR 10 bl B Srifle8cliasie ofonSF26. Third and

second staggeré yers equi ral hexagonal "guard pl ates 42
cuper | 0% <9600 0ks 24t et Ryt VB RS AT 72 OF cireula
Figure 28 is a plan view of another embodiment of the fabric 140 of this
invenﬁdn comprising a first layer 144 of hexagons and a second layer 146 of
parallelog;:a.ms 148. Figures 29A and 29B are cross-sections of Figure 28 taken
along lines A and B of Figure 28, respectively. As shown in Figures 29A and B,
15  the fabric is also comprised of a base material 47 and connecting material 15
interconnecting the array of hexagons 142 of the first layer 144. The connecting
material also interconnects the parallelograms 148 of the second layer 146. The
fabric layers 144 and 146 are bonded to the base“material 47 in any suitable
mammer to meet the design needs of the fabric application. The fabric has non-
- 20  intercomnected gaps 143 in the silape of squares.
Figure 27A, B, and C describe a process of making a metal wire reinforced
guard plate layer especially suitable for medical material. Puncture resistant
material for medical gloves must be soft and flexible to maintain dexterity for

medical personnel, yet provide a high level of puncture and cut resistance against

25  sharp medical needles and knives. The sofiness and flexibility requirement
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20 identical equilateral hexagonal -shaped guard plates 42 are spaced from
each other and oriented in a second guard plate |ayer 428 WMargh 2006onnecti ng
material 15. A third guard plate layer 46 is identical to |ayer 44, also
with a connecting material 15. The two guard plate 42 | ayers 44 are

i dentical wootimwee shown in Figure 9. The connecting netewkalzissd nai nt ai ns
the pattern and inter-plate spacing of the 25 plates 42 of each of the

- layers 44 and diGtatedihet thavmralefiylenst §eifaiydhia prefeabPahiafer Maundimm2005 WO 02/ 10667
PCT/ USOL/ 21541 superinposed and oriented to each other to.mnimze
registration ofultiple@dyeitlatd @ed, IRABIcRE:s4SF daei MBte laiybN@udt Be Fdlduevddo Recond | ayers
46 and 44. Interposed between the layers 46 and 44 is a base material 47,

as seen in  tN@agIBSSwEER s Bed be\suHitieally fofkl fo18sid G MRBZEd citingeen in
Figure 9, inthis 5 orientation, the inter-plate spacing 48 forma

NON- i Nt er CONNeRkeREhcBRKWEH 1 188 mSiival eRoRkES! $1 SiehanRslcAREId @S 50. The
third layer 72 of circular aperture plates 74 overlies one of the |ayers

44 and 46, t&brﬂb‘ilﬁt@r?@ﬁhiﬂﬁ&s&ieifb@lﬁy%ﬂ%@n@ﬂ #0 slpﬁen@%sfa\%g bRk vef the SF26

fabric. Figure 25 shows a plan view of the bond ng spots 112. As seen in

Figure 25, theguatd RraiLsa #in Heta @Xﬁ%%}é@aﬂﬁqﬂéﬁaﬁ%ﬂ% Hgﬁreg'gh@mer ture

pl ates 74 of Iayer 72 toget her cove e entire tabric 7 Figuré 28 is a

pl an view of agg lsgmagl% lentolach AL Fo} A0 Ol LS, fetbrlwag@t' on

conprising a first |ayer exagons and a seco ayer

par al I el ogr amsd e Ry Sisies A00aRAG 35048, 6L AEBARS! B plpfl our e 28

taken along | igure respe in Figures

29A and B, 15 rtﬂ?p aﬁ? gha?radt sﬁéss% {Eﬁrdlég%l%fme%h ?salosf%t LRl idd_and

connecti ng mat erconn he “array exagons 2 of the

h
par al | L?XSﬁOamﬁfﬁﬁﬁ?ﬁ?%Qelﬁ%‘%%acﬁguys%&'esi" BaoR b ALEARBRELS (e

invention. Figures 27A and 27B illustrate intermediate steps in the manufacture
process of the fabric 50.
The fabric of Figure 27C is fabricated with metal wire mesh 52 embedded

in the guard plate 54 before the polymeric resin of the guard plate 54 sets. The

15  process includes covering a sheet of connecting material 15 with metal wire mesh
52 and then pouring polymeric resin 53 over the wire mesh-connecting material
combination as shown in Figure 27A. Next, a photo mask patterned in the form of
an array of guard plates 54 is placed over the wire mesh 52-connecting material
15-resin 53 combination. The photo mask paﬁem has openings where the guard

20 plate.S 4 locations are to be in thé finished fabric 50, The photo masked material
is then exposed to ultra violet Light to cure the resin 53 that is not covered by the
photo mask, which is the guard plate 54 array. The unexposed, uncured resin 53
in the gaps is then washed away yielding the intermediate fabric illustrated in
Figure 27 B. The intermediate fabric now has gaps 55 between guard plates 54.

25  The exposed metal mesh 52 between (in the gaps 55) the guard plates 54 is now
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fabric layers 144 and 146 are bonded to the base material 47 in any
suitable manner to neet the design needs of the fabric 2pparda?qisn. The
fabric has non 20 interconnected gaps 143 in the shape of squares. Figure
27A, B, and C describe a process of making a netal wire reinforced guard
pl ate | ayer especially suitable for nmedical material. Puncture resistant
material for nedical gloves nust be soft and flexible to maintain dexterity

for nedical_personnel., yet provide a high |evel of puncture and out
resi st ance aﬁ%eﬂﬁ’aﬁgs‘%&léﬂf ide for examaple. e pradereithe fabric SOM¢fkis of t ness and

flexibility requirement 39 28 March 2005 WO 02/ 10667 PCTI USQO /21541
dictates t haﬁPvetC‘Lﬁ‘é“ ¥R 1wy Fighye 276 dbe Sbric g0 prodnced iy dliie paitsy hasainarey  t han
Imm |f nult_igﬁlg | ayers are used, the thickness of each plate |ayer nust
. be reduced t%8&Pudglatcs 44 jntegmlly ramfareed with metal wiee wedhf 52c Asd tHeyuatlr ong t o
resi st the p¥ncture_and cutting forces encountered in the nedical

envi r onment .Pia%s S4amdnter-epnaedteddpcconhestiviematerad 15, whinkéxtedds betweén théi nness,
flexibility, and strength, the polynmeric plates nmust be reinforced or
repl aced wi EAPSOtaad theough erd inkigel fwith theguiaddiplisésr5dt ed i n Fi gures 27A, B, and
Cutilizes metal wre nmesh enbedded in the polyner resin used to fabricate
the plates. Wre meiSgures 30y andiBure mebsdectiony] vidwofagothéfdnfbaginRisof dependi ng
upon its type and characteristics. A typical netal wire mesh is I ess than
10 nils t hi &fis mocntinnicomptisingfa métalafuardplgelagerBT. Thd Hehr @akfplae fgbri ¢ 50
enbodi ment of this invention. Figures 27A and 27B illustrate internedi ate

steps in t hmayenfl ecmple fbficaehaingo?. tbe tabpi €250 mihedialkisgeof Figure
27C is fabricated with netal wire mesh 52 enbedded in the guard plate 54

- Before the gobtyAwmtetat shieesi s iObordetoddatedtin B4 5SQES as A H&ibtS Pr ocess
i ncl udes covering a sheet of connecting material 15 w tah metal wre nesh
substrate chiffon, by completely covering the connecting material 15 with a fiexible
bonding agent 153, such as apolyurethane as shown in Figure 30A. The method of
~complete coverage results in saturation of the connecting matenal 15 50 that the
bonding agent 153 covers both sides of the connecting material 15. Photo resist films
are applied to both sides of the composite shown in Figure 30A in a guard plate array
pattern and the metal sheét 155 is then etched to leave'an array of guard plates 152 that
are disconnected from one another as shown in Figure SOB. The photo resisf material
is removed after the etching step. The guard plate array is held in the pre-defined
~ spatial relationship by the connecting material 15, which is bonded to the guard plates
by the flexible bonding'ﬁgent 153. To further enhance the strength of the fabric 150, a
double Iayer of guard plates 152 can be made by bonding a metal sheet 155 to both
| sides of the connecting material 15 and then performing the fabrication steps on both
 sides of the metal bonded connecting ‘material 15 as previously set forth in this -
paragraph. | |
An alternative method of bonding the metal sheet 155 to the connecting

material 15 by completely covering the connecting material 15 with the bonding

-
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52 and then pouring polyneri c resin 53 over the wire mesh-connecti ng
material conbination as shown in Figure 27A. Next, a phdg damets2005at t er ned
in the formof an array of guard plates 54 is pl aced over the wire mesh
52-connecting material 15-resin 53 conbination. The photo mask pattern has
openi ngs whengeiotdre guard 20 plate 54 | ocations are to becywsoibsss i ni shed
fabric 50. The photo masked material 1is then exposed to ultra violet |ight
to cure the regem 153ad deatritied inthé predveypachgbyhidve spgitohdiwastoectidgi ch is the
guard plate 54 array. The unexposed, uncured resin 53 in the gaps is then

washed away yimgdtehadeh ithhigetandhest BB aathe 1dcalions Gvhietd thisiaad sided will el gure 27 B.
The internedi ate fabric now has gaps 55 between guard plates 54. 25 The

exposed met al piBGbneddn BRcYaEIt( Ebrit 0. GARB (B hethbeoboadide M abRg 54 is now
40 28 March 2005 etched away, using ferric chloride for exanple, to produce

the fabric 50 @hallhighi eﬁoﬂ%ﬁﬂfcﬁﬁﬂ' adiRsiSORWbcbeFlcBW, Blo2f&-boddife f abric 50
produced by this process has an array of guard plates 54 integrally

rei nforced sw tandiRea appliseat MRSHp ﬁ%mﬁ@ememenah@agém PBake6e féhcAE®

i nter-connected by connecting rrat erial 15, which extends between the gaps
55 and t hr oughyange i dheGHg mafdibin st %r%?éh%&h&hﬁsﬁeeﬂss Eivghde@% #@A and B are

cross-sectional views of another éenbodiment of this invention conprising a

metal guard p'ﬁ&cﬂ%ﬁ&e&ﬂs@mtﬁ@@m@u nqlﬁ%ep&égugmamﬁot for exanple,

fabricated using O 1 to O0.127/mmthick ~stalnl ess steel” sheet. A netal

heet 155 t: bl
e, 102 L, SET IO FTRLa B B et L

connectling material 15 with a

exible  Dondi g aa8Rlid Bnod S8 185 ARGRMS BLAPGAAIBN b TEL U e, 30A

The net hod of overage resu s I'n saturatio e connecting

Connect i né%\nét%%‘?%\“dl&%&ibﬁg’ [gleP e gy prde ﬁ%&?@)%%& i S
the conposite ﬂ?e 1 5k BetGeGURE e 0 bibls 5ot R LA RnfValiBons in the
rheology of the bonding agent adhesives used for spot bonding and the process of
screen printing those adhesives. Use of the continuous application of bonding
agent is limited only by the etching process, which is very accurate. Using the
15  continuous application of bonding agent 153 allows the creation of narrow gaps,
up to the thickness of the metal sheet 155, between the guard plates. This
increases the puncture and pierce resistance of the fabric 150.
To maintain proper flexibility of any of the finished fabric embodiments, it
is important that the gaps between guard plates are free from materials that may
20  compress or stretch during ﬂexiﬁg of the fabric. Because the guard plate material
is usually rigid and iﬁﬂex_ible, most of the strain caused by bending the fabric is
concentrated in the gap region. Even a soft material in the gap region may
significantly contribute to the rigidity of the whole fabric because the strain is
amplified at the gap region. Jamming of the neighboring guard plates as the fabric

25 is flexed ifthe gap is too narrow can also compromise flexibility of the fabric.
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pattern and the netal sheet 155 is then etched to | eave an array of guard
pl ates 152 that are disconnected from one another as shd&nMareh 200§ure SOB.
The photo resist material is renoved after the etching step. The guard
plate array is held in the pre-defined spatial relationship by the
connecting material 15, which is bonded to the guard plates by the

f1 exi bl e bondi njizigesingiof eightpring guané plates peentsevhich thegap simsfienomds t he fabri c
150, a double layer of guard plates 152 can be made by bonding a netal
sheet 155 to b&%ﬁ“@@é@fb&@%éot’ﬁmmmagMmmiwméﬁllﬂmliﬂthen per f or ni ng
the fabrication steps on both _sides of the netal bonded connecting
material 15 as tiekpisoangepf sBt03brhl 41 hiitsis pessibleas agow thegaplsizer nat i ve

nmet hod of bonding the netal sheet 155 to the connecting material 15 by
conpl et el y cov&eiwegn thhguasdplates to asgmnakh asthe ghard plassithitkuelewittoadi ng 41 28 March
2005 WO 02/ 10667 PCTI USO1/ 21541 agent 153 as described in the previous
paragraph is t@owpomisinguyeratie Hexibiliy! Thegarrowing bf té giis b herth®hild gosheet only
at the locations where the guard plates will be positioned in the

conpl et ed f abr becan®ahe suinller thhgap thelkeisatiant thaos pinegating issuumegtwillusual |y ri gid
“epoxy structural adhesive has been effective. No spot bonding 5 adhesive is

appl i ed at t hepeepate Geditiricrns thishineention dthingatgdnblo ﬁsﬁﬁ&iéﬂ? gciled onto
the connecting material 15, after which the netal sheet 1 i's bonded to

~the connect i nthatregapms thin 45% rhethlahéet tHidknbs iglibegarggent 9 1§81 sets. Al t hough,
the spot bonding approach results in a fabric 150 that suits certain

design crit erjm7ninhe carpseclblricated. AOOAI0BY -Felbddni SpdpQizdSEmachGaAliUOUS | ayer
of bondi ng agent 153. The 10 spot bondi ng net hod %I mts the accuracy of the

guard pl at e 15hamsthe gypizakinalied feedles, wHidtragdtokp40 betmeen theqmauar d pl ates
152 due to the inherent variations in the rheology of the bonding agent
adhesi ves usechebdies opot 78omali Ng R 21 BRuge eSS B56{vhich is shown in Figure

32. Agapbetweenplatesof 0.05Imm  will stopa 21 gauge needle from

penetrating t_hrough the gap into the wearer’s skin. And, since flexibility df the

fabric is enhanced when the plate thickness is no greater than the gap size, the

plate thickness should be no greater than- 0.051mm, A gap size greater than

0.127mm  will not stop the penetration of a-21 gauge needle through the

fabric and since plate thickness should be no greater than the gap size, the plate

ti'ticknesses for use with.a 5 mil gap size should he no greater than

0.051mm, .To reduce the gap to a size that will stop a 21 gauge needle,

therefore, requires 5 plate thickness in the range of 0.05 1mm.'- 0.127mm

Typicallf, pelymeric plates are not strong enough to resist penetration of the plate

at thicknessesof 0.127mm  orless. On the other hand, metal plates in the

. 0.051-0.127mm  thickness range are strong enough to resist penetration.

A 21gauge medical needie, as illustrated in Figure 32, consists of a sharp
tip followed by a cutting edge. The angle of the tip is about 26 degrees, so that for

every 0.025mm  of gap size between the metal guard plates, the tip of the
needle can advance 0.051mm If the gap size between metal guard plates is
0.051mm. then as long o L
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screen printing those adhesives. Use of the continuous application of
bonding agent is limted only by the etching process, waBdMarcts2G08r y
accurate. Using the 15 continuous application of bonding agent 153 all ows
the creation of narrow gaps, up to the thickness of the netal sheet 155,
bet ween the guard plates. This increases the puncture and pierce :
resi stance of the fabric 150. To nmaintain proper flexibility of any of the

finished f ' IS i rtant.t e bet en guard
pl ates are :tﬁeegatﬁ-lngﬂﬁ lre}?ufsnaldstlogg'f“ n@ ‘fgﬁé@%’ﬁi@éﬁq P‘%gfﬁl% dur| ng
flexing of pldtes sraundithe: gaBérerderao phiRtratd Wirbugh! tBd RLABIEVER Rhed the psR! | Y rigid
and i nfl exi bl st of the strain caused by bending the fabric is

concent r at &4 Ggctiyhits gherpap.dwilliake o\ pestain lexelfof Tores for tha Recdls to bezetgatp r egi on may

ni fican ol e abr because t he
2{ ?a: nI S ttﬁ:)fu q?é %dg%&ﬁsiﬂ:sﬁﬁ%lv%&eg%ngin%%BQM%EB%@ i %fdg‘ﬁﬁtfﬁ’i ngsguar d
pl ates as tdﬁemfnabmn of tBbadhesive| mdedisilé stteltm:Q&jf thebakeO@atir@dl /B can al so

conprom se erx1 bli&\‘i% of the fahr 42 28 March 2005 Thus |anm ng of
nei ghbori n§ thy depigt PajRREtELS %Heﬁawggth?)faénﬁ@rwwhmsaer than the

t hi.ckness ﬁﬁaﬁl@ﬁsﬂ‘dﬁe% |b@toﬁtam§}'$ve}i‘”a{ e %ﬁeﬁgitoﬂlltsh&l i ﬁbljl(p tﬁcrkgget hi ckness

range of 0.051-0.1271 i{ is possible to narr Ss’’ze tween the
guard pl at b@WG@ the geandiplatendf thb gapouizer i typden thee gnhrdqitztes&smiﬁé:bmlyt conpr om si ng
overal | fl%l arrovm n f the. g vvort hwhi | e goal because

|4 ¢ The g P
the snal | ef éwlbg% tpﬁguqc SreUHancE 8 Wﬁ&?pﬁag"é}ﬂ‘ jng gt the geqdiefime wi | |
penetrate érhe hirhics 6f 1 mteﬁlﬂatle'ib‘d@é@toﬁ’ﬂssﬁt fn@u?% gsmlteamt héetsu”'c' ently

precise .that a gap as thin as a netal sheet ness In the range of
0..051 O. 1‘2!?1%1%*# anydreatieent fdprasistingutedla stide @n e used.an stilhmaigtajn ashigie i s nuch

smal | er medi cal needl es, which range from 0.33mm for
I nsulin nee g@lﬁfﬁﬂegres?ﬂ%u “rm fora 21. gauge needl e 156, which is shown in

Fi gure
A material suitable for the metal plates is stainless steel sheet 2 havinga 0.051 to

0.127am thickness. H.B. Fuller UR-2 139 and Ciba 2040 polyurethane adhesives have
- been found to be effective. These adhesives are chosen for then- flexibility, their bonding
 strength, and then: ability to maintain good bonding strength after the etching process. An
example of the base fabric used with the metal plate construction, with or without wire
mesh reinforcement, is Amara. A suitable connecting material for embedding in adhesive
is chiffon fabric.
An SF1 5 fabric, as illustrated in Figures 9 and 10, can be made using the

N metallized guard plate approach of Figures 30A and B. Tﬁo metal guard plate 152 layers
ere used. Each guard plate 152 layer is offset from the other as described in connection
with the SF15 fabric. Between each metal guard plate 152 layer is a base material 47 as
illustrated in Figure 31. The base material 47 can be the synthetic leather material Amara.
ﬁe metal sheet 155 may be bonded



32. A gap between plates of 0.051lmmw || stop a 21 gauge needle from
penetrating through the gap into the wearer's skin. And, 2&Maek 2008xi bi | i ty
"of the fabric is enhanced when the plate thickness is no greater than the
gap size, the plate thickness should be no greater than- 0.0 51mm . A gap
size great®@O¥Mei 0.12 7mmwil |l not stop the penetrati BEIV6§01/31581 gauge
needl e through the fabric and since plate thickness should be no greater
than the gap dp e bagetpatesjabpsing a bundiogeses §53. dwotheeerghiodimet of gdoublgap si ze
should he no greater than 0. 051mm To reduce the gap to a-size that wll
stop a 21 gaudectdelad febric qomprisdsdwe metabsheils bonded fogather with eknid®ytd n t he range
of 0.051mm 0. 127mm Typically, polyneric plates are not strong enough to
resi st penet r apingntingfortbhze mpdietabbeteeent thing k Adlsibl: tohdifg t@teriakis mostl ess. On t he
ot her hand, netal plates in the 0. 0 51- 0.12 7nmthickness range are
strong enough effpaciess, btt ifrengt batdinggmatéxia? s wyed) geot beatiitgplatheeted e, as
illustrated in Figure 32, consists of a sharp tip followed by a cutting
edge. The &anglcentofuotdt®ntiing of the aibosest? 6 degsaer®, obtain 4 Aatible fbricduery 0. 025mMm
of gap size between the netal guard plates, the tip of the needle can
advance 0.0 5Imwbimeidichgagnisidigentghupetisiilinglaregipplial opl tattesdds and 0. 051nm

t henasl ong 43 28 March 2005 as the fabric is thicker than 0.2102mmt he

needl e tip w lthe théwlds ¢tehddnie kkivd digogneated plapds 8 Remarfuiblt dldtelagap in order to
penetrate through the fabric. Even when the needle tip directly hits the

gap, it will take BigafrsBaA Bnd BEdictOh chBbdigichiUT tldBbmagdlieinventipgnet rat e
“through the gap because this involves bending and deform ng the netal guard

pl ates, del awbmadiditimetht %\aﬂ haSintRced WAt WigNabdhe Filfethisag of the base
material. By optim zing the design paraneters when designing the fabric for

various appl i GathRBSicateph #RPIRe:T h @G &iENe ReaPRkAl SR r&VBReat t he
weakest points of the fabric, the gap .
wire mesh fabric 160. The intermediate step comprises a composite of a metal
sheet 155 bonded by a bonding agent 153, such as a flexible adhesive, to
connecting material 15, such as chiffon, which is in turm bonded by a suitable
bonding agent 153 to a wire mesh 52 with the bonding agent 153 shown on the
| 15 bottom of the wire mesh 52, which results due to the fact that when the bonding
agent 153 is poured on the porous wire mesh 52, it runs through the wire mesh 52.
During the fabrication process, as previously described with reference to Figures
27 and 30, the fabric 160 of Figure 33B is formed, which is comprised of metal
guard plates 152 reinforced with wire mesh 52 and interconnected with
20  conpecting material 15 that is anlintegrai part of a guard plate layer 162. If
necessary for a particular application, multiple layers of guard plate layers 162
may be stacked upon one another and may be registered with respect to one

another so that the apertures extending through the multiple layer fabric may be

minimized in number and size or may be totally eliminated.
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between the guard plates. If the gap size between the guard plates is
sufficiently small such that the puncture resistance of “RdMageip20e5
adequate, sliding of the needle tip on the surface of the netal plate is
| ess of an issue. In such a case solid nmetal sheet w thout any treatnent
for resisting needle slide can be used and still maintain a high |evel of
puncture resistance. A material suitable for the netal plates is stainless
steel sheet 2 having a 0.051 to 0.12 7mmthickness. H B. Fuller UR- 2139

and Ci ba 2040 t. ive ve been f to be_effective. These
adhesi ves are gﬁ%ﬁf@%ﬂ?ﬁgg@%ﬁw@ﬁﬁf ,&%\’Iﬁg@gﬂﬁfsﬁﬁgﬁbﬁ gth, and
then: abili | ' ood. b | ng strengt.h after the etching process.
An exanpl eﬁﬁ@%@%@%ﬁwgd mqg%"?ﬁ?ttaﬂy FWMI&&E&%@@M&“EM ion, with
. or without w rei nforcenent. .is.Amara A suitabl e connectin

nat er i al fo'il%e%esﬁl r?g""?eﬁg‘é"&r?g c particylar fz n‘?sf‘ﬁﬁélfhﬁ Jegtivedpr s o fab?i c, as

I 1 lustrated,] lgures 9 and 1 can be de ysi th tallized guard

pl ate appr g’&%‘ﬂ“@?%?‘gﬂﬁ@“%‘f“ﬁﬁ&%@ﬁﬁﬂﬁ@ﬁ?ﬁ%%ﬁﬂ Hleﬁwgﬁr%“%?dll%y_er s are
Connect on S bflo e a0 pa it avis st whmb OB BB Bt o 152 | ay o
Is a base materpal..47 as il.lustrated jin_ Figure 31. The base material 47
can be theo‘s’?ﬁlﬁ hg??@tylogﬁtuﬂ’é%’m%} 2P af%ngwgwé{?afﬁgweé% 155 maybe
bonded 44 Z%rl.l\/ar h 005\\%&0 02/ 10667 PCT/US01/ 21541 to the base naterial

usi ng a boAdTHE Gientecdvedy usmgdisrble adessiye aansed i ap aggupf dapssd de pl ate

fabric conprises. two netal sheets bonded together with or wthout a
connect i ng-PO(S?’ a‘&‘mﬁﬁ?@hﬂﬁf ?%sl%a@éw%ﬁewvmm@p@%mng material is
nmost  efficagious, but if rigid bondi nq material is used, spot bonding

‘rather thaf"%' g disrenirsted ding srgespemepdicylyido eardeothsti s necessary to obtain a
flexible Lol priOn oF FABRIC TESTS

Test Equipment and Procedures

Needle puncture testing was performed on samples of fabﬁc described in this
specification using an Imada puncture resistance tester, model number DPS-44R,
.available from Imada, Inc., 450 Skokie Blvd., Suite 503, Northbrook, IL. 60062. The

_puncture tester is capabl¢ 6fmeasuring forces in the range of 0-44 pounds. A fabric
sample is placed on top of the tester's metal base. A needle (typically 0.508mm

in diameter with a cone shaped tip) is attached to the tester probe, which is positioned
vertically above the fabric sample. The probe moves toward the fabric sample with a
fixed velocity (for exampié, 80 mm/minute). The puncture tester measures and records
the peak force attained during the puncture attempt. Each test uses a fresh probe. The
standard test is at a 90° angle to the surface of the fabric sample. The tester is

adjustable to vary the angle at which the test needle impinges upon the fabric sample.
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the two netal sheet enbodi nment, photoresist flints are applied on both
sides and the nmetal is etched to |eave di sconnected pl a2@dlareh 25m a
flexible plate |l ayer. Figures 33A and B depict an enbodi nent of the fabric
of this invention conprising netal guard plates reinforced with wire nesh
Figure 33Ais an 10 internediate step in the process of manufacturing the
nmetal guard plate reinforced wre nesh fabric 160. The internedi ate step
conprises a conposite of a netal sheet 155 bonded by a bondi ng agent 153,
such as a fl exi blAsusrthistantitesterwas d@ipneEAidi cogstbled td @ét teut Rsisthncdofchi f f on,
which is in turn bonded by a suitable bonding agent 153 to a wire nmesh 52
wi th the boniie firiagainied ibhisspeoificadion. e cdizedttince tisef islsinfilanio’tRe Mesh 52,
which-results due to the fact that when the bonding agent 153 is poured on

_the porous vitandardesthesistnce testerdiscribbd B ARTMIE 1 790L%7, BB Pest MettioliNg t he

fabrication process, as previously described with reference to Figures 27

and 30, the foriMedsaringiCut Resibtuttd bEM3RBalk Blsddih PRALCHW Clhihe ACERRY | sed of net al

guard plates 152 reinforced with wire nesh 52 and interconnected with 20

connect i ng sk isthoubfediofiatbriss sitbt doRér8dWabdeR Ahim B the A WraRbhidifle] ayer 162.

1f necessary for a particular application, multiple layers of guard plate

| ayers 162 m@eﬁéeﬁmomemtmm&%wmﬂﬂsc& istered with
respect to one another so that the apertures extending t rough t he

~multiple | apfd a%np 1i8d 1BiHE 18RS, drdhtih Hﬁﬂrf-mi‘aﬂun% Cfpe™By be
totally elim nat ed 45 I\g)rpch 2005 Fi gure % l'ustrates anot her met hod
f or_bondi ng afi ishildok i Bt S0 EBlol Good 141 raaBESIARCA S%Mﬁ By be used
I ng on

with al nbost any enbodi nent of the fabrl c depen e speC|f|c

_obj ectives gikd fahleR8 b4 didndedPh ifchSs Hftﬁ‘em%a? @On@g%y%faﬁgsg&lp bondi ng

met hod or arrangenent is the sanme as for I'llustrated

in this di ﬁwﬁbﬁ%&é{lﬁncﬂﬁﬂﬁeﬂ&sh&l@mﬂﬁﬂﬂuéh*}ﬁr&%ﬁ&m%&%&x@&ﬁde%?ﬁ*&iee' y while

not sacrificing t
sample is not cut through within the 4 inches, the test result is recorded as "no-cut.* A

new razor blade is used for each test.

Test Results of Fabric Samples Using The Purcture and Cut Testers

SF15 Fabric
| The SF15 fabnc is illustrated and described above with reference to
Figures 9 and 10. Amara®, a non-woven polyurethane and nylon synthetic leather, is
used as the base material in preparing a sample of SF15. The Amara® base material is
about 0.3508mm . (thatis, 20 thousands of an inch) thick. A polyester chiffon
connecting raterial is laid on top of the Amara® and polymer resin plates are screen
printed onto the materials usinga 0. 254mm  thick stainless stol stencil. The
printed pattern is a hexagon array with 2.032mm  hexagons (minor diameter). The
gap size between the hexagons is | 0.356mm.  The polymer resin is a one-part heat-
curable epoxy resin, foﬁnulated by Fielco indushies, Inc., 1957 Pioneer Rd., Huntingdon
Valley, PA 19006 and designated as TR21, as previously stated in
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overall flexibility of a nulti-layered fabric. The bondi ng net hod 80 of
Figure 34 achieves this objective by using flexible adhgdMaecha2G0nged i n
an array of shapes in the form of disconnected |lines (or elongated
rectangle or simlar shapes) 81 with neighboring disconnected |ine shapes
per pendi cul ar to each other. DESCRI PTI ON OF FABRI C TESTS Test Equi pnent
and Procedures Needl e puncture testing was perforned on sanples of fabric
described in this specification using an |Inada puncture resistance tester,

o erivshe i Sl WE ki B RSB i,
i S gﬁ‘%ﬁf;’ch Eﬁ?ﬁﬁ’gw&w i
'\S/:rt:galm! %/h : d T/%ifm flﬁ P)i)?g%&ﬁgnfﬂm u . Tﬂg fﬁg(r:jtﬁre

_ tersr!toer masﬁwg‘ﬁ@em ¥§§?& mwlﬁﬁp ‘Fﬁéﬂﬂﬂi}'r%i‘ng theppuncture'

attenpt. Each test'g]s.es a. {).res prob The standard test is at a 900
angl e to the surfac 2 gpabbif @ ey he pynstupessigance ef thg §F1%t apl e t o

vary the angle at . which.the. test needl e | npinges upon the fabric sanple. 46
28 March 20 fi(fﬂpcpvggfig § M@ﬂé@”@ﬁ@‘g ¢fabHedR to t est

“the cut resi L t he fab clained in this specification. The cut

resi stance t fg"tt%“fkrﬂ“ﬁérl @7&§ef°r§t39 nengleoiatieck: The it msistanee st er

descri bed by ASTM F.1790- St andard Test Method for Measurin

Resi st ance %W%Plbﬁ@vez]é@ Arerahbgmeed] ?W@wamfvgndmmaﬁqe@umgxnpl eis

nmount ed on a brass .she tg?’%vered wooden drum of the tester. A razor bl ade,

attached t oS¥T ut e cu@@é@?@f“&é%@,mfmww| c

surface. A predetermned weight is applied to the |ever, creating a known
cutting for Berclpgprobe because of its sharpness and thinness. .

SF16 Fabric

The SF16 fabric is illustrated and described in this si}eciﬁcaﬁon with
 reference to Figures 11 and 12. Devcon Plastic Steel® Putty (A) is screen-printed on
polyester chiffon fabric supported on a release backing using a 10-mil thick
stainless steel stencil to obtain a guard plate layer as in Figure 11. The resin is heat
cured at 70° C for 45 minutes, followed by 4 hours post curing at room termperature.
Three identical layers are bonded together in properly registered positions, as shown
in Figures 12A and 12B, using FleshTex® polyurethane resin available from Zeller
Tnternational, 623 Ellen Dr., Winter Park, FL 32789,
FleshTex® is a polyurethanetype multi-part (2 or 3 parts) thermoses resin.
. FleshTex® cures at 70° C for 30 minutes. The total thickness of the SF16 fabric
sample was about 1.651mm. |
The SF16 sample was puncture tested using a grabbit pin. Under a 2.0-Ib.
force, no penetration was observed at 90°, 52°, and 30° angles of attack. The cut

resistance of the sample was 14 Ibs.



drumis hand notated at a slow, fixed speed so the razor bl ade.cuts agai nst
the fabric and parallel to it for a distance of 4 inched Mpafchi3085r azor

bl ade cuts through the sanple wthin the 4 inches, the threshold cut
through force is neasured and recorded. If the sanple is not cut through
within the 4 inches, the test result is recorded as "no-cut." A new razor
bl ade is used for each test Test Results of Fabric Sanples Using The
Puncture and Cut Testers SF15 Fabric The SF15 fabric is illustrated and
descri bed aboveSk#7tHabrief erence to Figures 9 and 10. Amara(r), a non-woven
pol yur et hane and nylon synthetic leather, is wused as the base material in
preparing a sanplThe §F15alri: is iflustratevbend (decribedsia thimspecifiedtion svithatferehced. 508mm
(that -is 20 thousands of an inch) thick. A polyester chiffon connecting

mat eri al i s t Higiresd3 tp Aofara®) evithraar @50 8rand phickness, is the base fibaicEFhear € SCreen
printed onto the materials using a 0.2 54mmthick stainless steel stencil.
The pri nt ed meitrialsmsed anddhd printigpproedss s disclibed DGR iNtieS¥cion BS this1i nor
dianeter). The gap size between the hexagons is 0.356mm The polymer resin
i s a one paspeckfization titled 851 £FabrioxtJoweret, the phiatingbftheldyd¥2 bicgheRntindust ri es,
‘I'ne., 1957 Pioneer Rd., Huntingdon "Valley, PA 19006 and designated as
TR21, as pr petauslipnpsntahelF17pudd pRites'darand 66,8 Ehowhiis Fpprai3f That i on. The
resin is heat cured at 120 C for one hour. Then, simlar stencil printing

i's done on tdsalting BEL7 fbrivisflexible aid ks @ thidkdess dfaboulg85agion array properly
regi stered as shown in Figure 10B to obtain the SF15 fabric seen in Figure
9. The resul ti nisifiga grabbibiidedleiasa hioby,thd unomeh resist@e0 of thid SFIV Ebrthi ck Using a
grabbit needle as a probe, the puncture resistance of the SF15 sanple
fabric wassaeplemsisars e 30 67 . for h06° arbR o aBRR IR 3.1PD NI Gorlahe fabric at

‘a - 90 angle of attack and 3.1 0.7lbs. for a 30 angle of attack. The cut
r esi st ance30° angle of attack. The cut resistance measures to be 8 Ibs.
SF22 Fabric
| ‘The SF22 fabric is illustrated with reference to Figures 18 and 19.
~ Amara®, with 2 10-mil thiélmess, is used as the base material 47. Polyester chiffon,
used as the connecting material 15, 1s laid on top of the Amara® and stenciled with the
Fielco polymer resin, as described above in the section titled SF 15, to form the guard
plate 42 array layer 44 seen in Figure 19B. The polymer resin is cured as described hi
the secﬁon titled SF15. Two such guard plate 42 array layers 44 and 46 are formed. On
| }_ layer 44, a layer 72 of ciroular aperture plates 74 is printed, as illustrated in Figure 19.
The layer 72 may be printed through a chiffon layer 15, as in Figures 19A and 19B,
although it is also possible to print layer 72 without a chiffon layer. For optimum
performance, the aperture layer 72 should incorporate a connecting material 15.
The layers 44,46, and 72 are bonded together, in properly registered positions,
as shown in Figure 19. The guard plate 74 array of layer 72 may or may not be cured -
before bonding the layers 44,46, and 72 together. If layer 72
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measured to be above 7 | bs. A grabbit needle or pinis a pin found in an
office supply store. It is about 0.5 0 8mmin dianeter Mareh 2%, shaped
tip. It is used as a puncture probe because of its sharpness and thinness.
SF16 Fabric The SF16 fabric is illustrated and described in this
specification with reference to Figures 11 and 12. Devcon Plastic Steel (r)
Putty (A) is screen printed on polyester chiffon fabric supported on a

rel ease backing using a 10-m| thick stainless steel stencil to obtain a

?nZﬁL?_eE', f?lﬁl’ﬂ%ﬁﬁ"%@"@ﬁ?ﬁ?"%‘ag léiﬁﬁﬁéﬁéiﬁ%%ﬁeﬁﬁég%” ?%a froo
'shi&lﬂ'-‘;fn Figur e e TR SR S@“ﬁ%@“ﬁﬂ@@%ﬁ?h&%ﬁﬁ%ﬁ{%ﬁféiﬁ”s’ "
' Z ' 623 E AL Paris, FL
32780, FFesL%”x(??"ﬂf‘s"“““a AeTSARE Itk S g Erofkpn « Sgrobe ooy 1 ¢ |
' T, v/ 3 ' T
i chnoss of "eREoLRIE SRR bk kE o, e f stk snd 3B RipcBEe canpl e vas

puncture te 1 ; 1. pin. Under. 2.0-1Q. force, no penetration
was observe?bgtgn%%{) g%, %\%Wﬁﬂ?ﬁe@e@wﬁaﬁ%@&cut resi stance of the

sanpl e was 33%15 1ié8 28 March 2005 SF17 Fabric The SF17 fabric is
illustrated an escribed in this specification with reference to Figures

13 -15. Amara(r ' - 0..508mm t hi.ckness,. j.s.the base fabric. The

matte_r'i al sfuseg(j a:n%]fﬂ%lf%f i i gv:’lﬁfi'lﬁi‘@%’s‘gs‘f%ceég?’ééﬁerm dmlasélw?hrmm _het_ f
section o : | it abric. However e printing o
the | ayer g%@{lﬁegﬁ gﬁ%@?%%ﬁ%%%ﬁ%ﬁ?ﬁﬁ%@@ﬁs&@ap@ﬁm es 62

and 66, as; PR tighods B ford Ciba 109 parts of UV resin is mixed with 2 parts of photo-

initiator. Wire mesh is from Sefar America, Inc. The wire is made of stainless stecl 316
with mesh count of 165x165 per inch. The wire diameter is 0.0025 inch. The opening
size is 0.0036 in. The weight density is 6.75 Ib/sq. fi. |
In the SF16 design as shown is Figure 11 and 12, the guard.plates are 60-
' 7 mil hexagons. The gap size is 0.178mm. The total thickness of individual layer
,is 0.254 - 0.305mm.
Forbonding, 0.787mm - diameter adhesive dots are used. They are
separated periodically by 0.34 inch. The bonding adhesive is Fleshtex from Zeller
-International. 10 parts of FleshTex component A and 10 paxts of FleshTex component
B are mixed and then added to 0.8 parts of Cab-0-Sil flow modifier.
The samples are tested using a 21 guage medical needles with a 30 degree aﬁgle
of attack. This represents one of the harshest conditions for the puncture test. Four

- samples were made and 20 puncture tests were done on each sample.
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resulting SF17 fabric is flexible and has a thickness of about 45 mls.
Using a grabbit needle as a probe, the puncture resistand®Mafcht2i0§ SF17
fabric sanple neasures to be 3.40.7 Ibs. for a 90 angle of attack, and 3.1
0.7lbs. for a 300 angle of attack The cut resistance neasures to be 8 I|bs.
SF22 FabriwoMhere®F22 fabric is illustrated with refereneerusniigures 18 and
19. Amara(r), wth a 10-m| thickness, is used as the base material 47.

Pol yest er chi f Timripwest Shesthald fdréeobsanakit hevdlepatauiial waFpwidstobaild on top of
the Amara(r) and stenciled with the Fielco polyner resin,.as described
above in the spohdoThehtdred Bke &b 2.2Opdundniticdweggmwat bapddatpen 420 array | ayer
44 seen in Figure 19B. The polyner resin is cured as described hi the
~section titl eddaBidmnts)TE0e punetirgiesistangelfakeradgedaronny. key.ehsudd. and 46 are
formed. On layer 44, a layer 72 of circular aperture plates 74 is printed,

as illustrat edSUMMARVIOX DETAITHD DEsERIPAZOMBY be printed through a chiffon
| ayer 15, as in Figures 19A and 19B, although it is also possible to print
| ayer 72 wi% hout a Thhiffbfioambaih@ents bthis dpichtbanrhave@plicution ficrgrotédlige apert ur e

| ayer 72 should incorporate a connecting nmaterial 15. The |ayers 44,46, and
72 are bonded gangetdlr individupls apetihyinl@Qlipaticis @tbdaabto pbRABally igjgricdsown i n
Figure 19. The guard plate 74 array of |ayer 72 mayor nmay not be cured

bef or e bondi ngpehtieatibaysedhses pdblitbatcanstfidets, DO@ELILS butdhbrs) Ay@ons] nd@e28 Mar ch
2005 has not been cured before bonding |ayers 44,46, and 72, the SF22

fabric 70 is tilenDegdtaRgupdii@e tskabdsionthe Bbeie, dimbisichs isd §tiiexéfthe and has a
t hi ckness of about 50 mls. The puncture resistance for this fabric, using

a grabbit pin @ged el (B @BGancesBATHAEGhIE Pork ¥hivh e falliofmy fentoalis @ 90 angl e
of attack and 3.0 0.5 pounds for a 30 angle of attack. The cut resistance
neasured t@ beoBstReieddRe protedifiels@¥dnts may have properties ranging from resistance
to stabbing and cutting, up {o resistance to needles. When the fabric of this
invention is used for penetration and puncture resistance, the plates are made of a
hard penetration or puncture resistant substance. Preferably, the.penetration and
puncture resistant apparel or item made from the fabric of this invention will have
15  the hard plates of the array oriented toward the expected source of penetration or
puncture. Sport and outdoor apparel of fabric according to this invention may be
insect and snake bite proof. Apparel from the present inventive fabric may be
suitable for specific activilies and environments calling for protection from
penetration or puncture, including apparel for riding open uncovered vehicles such
20 as motorcycles, industrial safety Vapparel, underwater diving wear, and penetration
or puncture resistant footwear and head coverings. Other items that require
resistance to penetration are made frora fabric of this invention, including liquid-
retention liners for oil tankers, ponds, landfills, swimming pools and tires.
Articles requiring penetration-resistance, including inflatable rafts, light

25  watercraft, such as canoes, kayaks and racing shells, or air mattresses may be
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GQuard plate layers of the wire nesh reinforced fabric are made using the
process described in Figure 27. The UV-resin is Ebecryl 2% Mardhr2005UCB

Chem cal s. The photo- initiator is Irgacure 184 from C ba. 100 parts of WV
resinis mxed with 2 parts of photo- initiator. Wre nmesh is from Sefar
Anerica, Weoxilhe wire is made of stainless steel 316 witisomesa count of
165x 165 per inch. The wire dianeter is 0.0025 inch. The opening size is
0. 0036 i n. Thefabmaghfronidaigictof this inGentinl Bpsael fdrlothen otdupatBhd 6s Wiebaisgn as shown
is Figure 11 and 12, the guard plates are 60- m | hexagons.. The gap size is
0.178mm The tfot @plidaibwskin @ssnafical i dehidlgdldd vaill @¢quirk 8ifferidp fenetrflio05Mm  For
bondi ng, 0.78 7mm di aneter adhesive dots are used. They are separated
periodi cal |y bidQuiddiré feeistantBnBstiREkind thaddiibispase Diering@BiobiRys dndom Zel | er
International. 10 parts of FleshTex conponent A and 10 parts of Fl eshTex

conponent B afifed¥iosesl thdtplateh gid réfhdled sine Be SrtRilas cdhe f0Rarpoh thef | OW
nodi fier. The sanples are tested using a 21 guage nedical needles with a 30

degree anglse filricafitiagd. This represents one of the harshest conditions for
the puncture test. Four sanples were made and 20 puncture tests were done

on each sanpl e. 50F&%né\ﬂda9@03&0§1e¥@esﬂa%ﬁ%%@Jofﬂgélﬁﬁ%ét@éﬂ%he The | owest

threshol d force observed for needle penetration was found to be 1.1

pounds. The avgeagenihiel SR HOfib&and o QHRH el %ﬁ%%@g@a&y\% hasgth upon 100
data points). ‘?’he punct ure resistance for(?e ranged fro .C to§4 0 pounds.

SUMVARY CF DETTAl §i3, RESCRRTS (Db ok ind AR aEr RO TERS 51ty i | Vet on

have application for protective arnent s di VI Ing in

‘occupations e&g&g%%%rﬁ?ﬁ%ﬁéﬁ e v ﬁ&&er@&&&&ﬁ%ﬁgpméum as public

safety officers, machini ers, rgeons
10 invention. The fabric may strategically reinforce only high-risk zones.

This fabric is not dependent upon specific shapes or dimensions of the
plates. The fabric is scaleable to meet widely varying possible uses. The choice
of shapes and dimensions, and the substance and material of which they are
manufactured, are dependent upon the application and are determinable by routine

15  engineering calculations. The fabric of the invention, when manufactured of
substances and materials of suitable strength, resistance, and dimensions forms a
flexible, cut, puncture, and pierce resistant enclosure for bichazardous and
potenﬁally flammable and/or explosive liquids, including gasoline and other
petroleum or fuel products. Such flexible enclosures find use as liners in various

20 types of tanks or similar liquid réservoirs.

The substances of which the plates are manufactured are currently
available as off-the-shelf goods or in the case of resin are readily formulated by

- resin manufacturers to meet design parameters required of the fabric for use in
various applications. The substances can be, for example, metal (suc;h as stainless

25 steel or titanium), metal alloys, ceramic, polymers, high strength composites '(such
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| i ke. Dependi ng upon the thickness of the fabric, dinensions and styles of
the plates, and the substances and materials from whi ch28 Mard¢he2005c of this
invention is 10 constructed, the protective garnents nmay have properties
rangi ng fromresistance to stabbing and cutting, up to resistance to

needl es. \Wien2tdie& fabric of this invention is used for pemesmaisson and
puncture resistance, the plates are nade of a hard penetration -or puncture
resi stant subsasaaben fikaref glasszoypodiles), @egtess. r Ay aheranbtpoaoeybeusedsi st ant
apparel or itemnmade fromthe fabric of this invention will. have 15 the
hard pl at es ofthithesistrthaspecified pirethrd, pisering, titcuaiogdaiedat imwhaenof penetrati on
or puncture. Sport and outdoor apparel of fabric according to this
invention may thieknesgiseesarg ialachivak the Rhiractqisial desifydfar 1k afploationhe present
inventive fabric may be suitable for specific activities and environnents

calling for proheackiapied sfamtaiemnedlcatihdiie@popitrGhiylats rebi€ kithiadg apparel for
ri di ng open uncovered vehicles such 20 as notorcycles, industrial safety

apparel , undernab@E® dpoh®PonErREry 1@ thep 2RLkdsatrbdik wikithapHAE inikiGres 651 St ant
footmear and head coverings. Oher itens that require resistance to

penetration argcimeeas Mt@ﬁﬂlﬁlﬁiﬁlﬁﬁer@indtoﬁih&mﬂ?%mm%hs shitbtdidiing |1 quid-
retention liners for oil tankers, ponds, landfills, sw mm ng pools and

tires. Articl a%@nﬁ A} Jub§EhcR SRGHd FrblcRBly REDSERRE r biitle! WHid e kBt at abl e
rafts, |ight wat ercraft, such as canoes, kayaks and racing shells, or

air mattressespig lﬁ%cﬁelacl%ﬁué@f eBepefdor }éQsQ?ﬁJaQﬁﬁl?i R REL el 541

fabricated fromfabric of this invention. Apparel for other occupations as

well as for apRlifabkonss il hisiiedl 68 nRRhA b Aksfihal i she galéah of equ' re

differing penetration and puncture resistant substances and materi al

types. Exfﬁﬁrngm&@gggﬂg§&3@&gmngil ions of the plates are required,
since the forces that come to bear tpon the 5 fabric mALI vary.

The process of assembling the fabric of this invention uses currently
available production technology and the novel method of printing plates onto a
base material, as described in this specification.

The surfaces of any of the plates described in this disclosure may be

15 planar, concave, convex, or any combination thereof, or & specially constructed
sutface to meet the needs of a particular application. The guard and aperiure
plates used in the inventive fabric for differing applications will have a thickness
‘sufficient to resist the piercing or cutting force that the fabric is intended to resist.
The plates of different layers of the same inventive fabric may each be made of

20  different substances.

A connecting material is any material, which when interconnected between
the plates of the fabric, maintains a predetermined spatial relationship of the plates
within the fabric and within a prescribed range of motion of the plates relative to
one another. To do so, the connecting material should be flexible. The

25 connecting material may be continuous or have certain selected discontinuities, as
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For nmedi cal gloves, the sizes and shapes of the guard plates and the
aperture plates and the substance of which they are nmadeg8 Maych/200p,
according to the particular procedures to be perforned and differing
conditions. It may not be necessary to fortify an entire glove with a
puncture rw@pxtoastt fabric of this 10 invention. The fabecusmapgisa
strategically reinforce only high-risk zones. This fabric is not dependent
upon speci fi c lehgpdspenforrds tiee msédet funofiort dienzindiditig and doneeckiapthearriysofscal eabl e
to meet widely varying possible uses. The choice of shapes and di nensions,
and t he subst asidtes iarie famierAm digbninhitizhin themaetifl mdayesruheseh o @dancar e
dependent upon the application and are determ nable by routine 15

engi neeri ng cahepropdriian fleXiddity, dbidabilief, add@istadantne optishaig, manuf act ured of
substances and materials of suitable strength, resistance, and di nensions

forms a fl exisakRbability in @b Rkid bLin tRdWhefl 2618 288 With A faRRC lAagur e for
bi ohazardous and potentially flamuabl e and/ or explosive |iquids, including

gasol i ne argl ofif6htinuRRk iPhe Wbl ke be &Y @E4aLSA 1ok ikl &% &) rencl osures
find use as liners in various 20 types of tanks or simlar |iquid

reservoirs. Thamprhabtame tguréd phbiedtioh RisRhal At Gid Bk BGiyLed are

currently available as off-the-shelf goods or in the case of resin are

readily formuladdy BYof the e HRBILIBEHYUEEI Sf thORPRE! Sl isshipAtiaTet er s
required of the fabric for use in various applications. The substances can

be, for exanpl ( } . i s um , netal
al | oys, ceranf%#tg%%@#@f@?&ﬂﬁgﬁk%%?%ﬁ%ﬁﬁag%ﬁﬁﬁgﬁﬁggg%gﬁ% 32%928 Mar ch 2005

WO 02/10667 P%Mé%%ég@%yoﬂﬁeﬁaﬁ Sbubl B8Y pfioPLARS af QIBISRlRS)  OF 0l ass.

Any ot her substance may be used t resists e specrfired puncture,

PO 0 U8 B3 S RSBy L SHOS S AR 2 e
regard to promoting the desired three degrees of freedom of movement of the
fabric of this invention, including flexibility, bendability, and twistability. The
material may also be chosen to enhance the desired properties of elasticity and
stretchability in the inventive fabric. A stretchable material, such as an elastomer,

15 is an example of a flexible material suitable for performing this fimction.
However, a non-stretchable material is suitable for certain applications. The
material may be man-made, naturally existing, or blends of the two.

As with other embodiments set forth in this specification, other variations
are appropriate to meet the functional and utilitarian needs of the application.
20  Such variants are choices that cdme within the spirit and scope of this invention.
This specification has described and illustrated various embodimenté of
the penetration resistant fabric of the invention. Various arrangements of plates
and layers have been described. However, these illustrated and described

arrangements are not intended to be the only arrangements for implementing and

. 25 achieving the objectives of the present invention, nor are they the only possible
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O her exanples of suitable products include epoxy or acrylate resins, such
as 5 Darocur(r), Epon(r), or Ebecryl(r); other thernoset 28&srets2@diet her ;

- and m xtures of such resins with other polynmers and optionally with
various suitable curing agents. Any substance should preferably not be
friabl e orw@mnosére. When the fabric fornms a |iquid enchowusmnoulreceptacl e
or is used in a liquid environnent, the selected substances and materials
for the fabri cmbodulediskacongmist anthidiaventienn Tiad inoentibf igdaysbilcsfl action of the
contained |liquid. The process of assenbling the fabric of this invention
uses current | ymodifi@atibmaiteinihogdued df e ibeativigleagyatian eksistiat fabedndret hod of
printing plates onto a base material, as described in this specification.
The surfaces aheréfie, Bk iaatigl inhadinded & thbp@cibdddtdlisscdbSicinabyr e may be 15

pl anar, concave, convex, or any conbination thereof, or a specially

constructed sgedifagon. OTHE Riverdtde iltRASSINThamed Add di@kthiofs BRFAI ®Alihon. The
guard and aperture plates used in the inventive fabric for differing

applicati ons Whd purigWef telaPpsfedsimssuf ficient to resist the piercing or
cutting force that the fabric is intended to resist. The plates of
different |ayers of the same inventive fabric may each be nmade of 20

di fferent substances. A connecting material is any material, which when

i nterconnected between the plates of the fabric, maintains a predeterm ned
spatial relationship of the plates wthin the fabric and within a

prescri bed range of notion of the plates relative to one another. To do
so, the connecting material should be flexible. The 25 connecting materi al
may be continuous or have certain selected discontinuities, as 53 28 March
2005 WO 02/ 10667 PCT/ USO1/ 21541 long as it perforns the needed function of
mai nt ai ni ng and connecting the array of

55



plates in the fabric. Any discontinuities in the material may be chosen to
enhance the properties of flexibility, bendability, and28 Wasthe®lds5ity, and,
optionally, stretchability in the fabric or in the useful article made with
the fabric. Any 5 discontinuities in the material nust be so chosen and

| ocated that they do not conprom se the required penetration resistance of
the fabric either locally or globally or of the useful article constructed
of the fabric. Such discontinuities mnust also be so chosen and | ocated
that they do not deleteriously affect the structurally integrity of the
fabric or allow any portion of the array to separate. 10 The material may
be el astoneric or non-elastoneric. The material is chosen with regard to
pronoting the gdesimed three degrees of freedom of novenent of the fabric
of this invention, including flexibility, bendability, and twi stability.
The material nay aA &BriP&s6$ edndrRingnhance the desired properties of
elasticity and stretchability in the inventive fabric. A stretchable

material, such as aﬂﬁghﬂ§§@gﬁﬁﬂm$§gh&m@ﬁdﬁ%gﬁgle of a flexible materi al
suitable for performng this function. However, a non-stretchable material
is suitable for cerat;ﬁmam?apédnﬁﬁiohggmsn-o%hsppn@hamlp?dtesrmﬁngﬁlbmﬁmnﬁde,
natural ly existing, or blends of the two. As with other enbodi nents set

forth in this specijifedl ih@Rnes®bMBproXmfatehl¢.65150 030 BB ARE ARFHB B nle@] MEEL the
functional and utilitarian needs of the application. 20 Such variants are

choi ces that cone widibiafided® ®OidpishrtRDI BeIRGLR ubsli® ahMBPEI AR Thi's

speci fication has described and illustrated various enbodi ments of the
penetration resi st gtierh ahitkat blutdig, dfgz{&fé}é RAnedRhRH 8djddehgenent s of
plates and | ayers have been described. However, these'illustrated and

described arrange sSwhdréin BRteap HrEHPRR kRl PEnitoRE PR dh, 8kd RiRggBet s for
i npl enmenting and 25 achi eving the objectives of the present invention, nor

are they the only pn@ss&idh R agroRfhal¥B(051200227mm.

2. The fabric assembly of claim 1 wherein the plurality of plates comprise

stainless steel.

3. The fabric assembly of claim 1 wherein the substantially uniform thickness of

the plurality of plates is approximately 0.051mm.

4. The fabric assembly of claim 1 wherein the plurali_ty of plates are equilateral
hexagons.
5. . The fabric assembly of claim 4 wherein the equilateral hexagons are identical.
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WO 02/ 10667 PCT/ USO /21541 enbodi nents enconpassed by this invention. This
invention is capable of nodification within the scope o28Masch 2008nti ve
penetration resistant fabric and, therefore, the inventionis not limted
to the precise details set forth in this specification. This invention
includes all changes and alterations that fall within 5 the purview of the
appended clains. 55 28 March 2005 CLAIMS 1. A fabric assenbly conpri sing:
a flexible substrate having a top surface; and a plurality of continuous,
non- over | appi ng netal plates having substantially uniform.hickness of
approximately 0.051 to 0.127mm the plurality of nmetal plates affixed to
the top surface of the flexible substrate and arrayed in a pattern such

that a pluraligy of igansicatemifidrBath PFAUBE hedlkBRaMsuattbyifithes Rinat €S,
wherein the gaps are approximately uniformin wdth, and wherein the gap

width is approxhviRbEh¥refalhd hfloPsyhthéfi@Meatker. The fabric assenbly of claiml
wherein the plurality of plates conprise stainless steel. 3. The fabric
assenbly of claim 1l wherein the substantially uniformthickness of the
plurality of plates is approximately 0.051 mm 4. The fabric assenbly of

claim1 wherein therplptalaideblor Bhidl ERnRLS R Blcftedd is B§HagaRsy 5. The
fabric assenbly of claim4 whefein the equilateral hexagons are identical.

56 28 March 20Qgal to the gap width.

8. The fabric assembly of claim 1 further comprising(an adhesive layer affixing

the plurality of plates to the top swrface of the flexible substrate.

9. The fabric assembly of claim 8 wherein the adhesive layer is polyurethane
adhesive:
10. A fabric assembly comprising:

a flexible substrate having a top surface;

a plurality of polymeric resin plates having substantially uniform thickness of
approximately 0.127 to 0.508mum, the plurality of plates affixed to the top
surface of the flexible substrate and arrayed in a pattern such that a plurality of
continuous gaps are defined between adjacent plates, wherein the gaps are
approximately uniform in width; and

a wire mesh embédded in each plate and completely covered by the top surface

by each plate.
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6. The fabric assenbly of claim1 wherein the flexible substrate conprises
non woven pol yuret hane and nylon synthetic | eather. 7. TB&Madr2@sassenbly
of claim1l wherein the plate thickness is approxinately equal to the gap
width. 8. The fabric assenbly of claim1l further conprising an adhesive

| ayer affixing the plurality of plates to the top surface of the flexible
substrate. 9. The fabric assenbly of claim8 wherein the adhesive |ayer is
pol yur et hane adhesive. 10. A fabric assenbly conprising: a flexible
substrate having a top surface; a plurality of polyneric resin plates
havi ng substantially uniformthickness of approximately 0.127 to 0.508mm
the plurality of plates affixed to the top surface of the flexible
substrate and arrayed in g pathetticaseRhvlyRtlafn P Whékih ihé plie iRk ifuous
gaps are defined between adjacent plates, wherein the gaps are

approxi mat el y uprdxahdiil fo W @tdis. and a wire mesh enbedded in each plate and
conpletely covered by the top surface by each plate. 57 28 March 2005 11.
The fabric assenbly of claim 10 wherein the plate thickness is
approximately 10 to 12 mls. 12. The fabric assenbly of claim 10 wherein
the gap width is apm&mm%&hmﬁfmmw%einm%aﬁmﬂ&a@ﬁmw of claim 10
wherein the polyneric resin conprises epoxy resin. 14. The fabric assenbly
of claim 10 whgi{®mint he plurality of plates each are shaped

13. The fabric assembly of claim 10 wherein the polyrheric resin comprises epoxy

resin.

14. The fabric assembly of claim 10 wherein the plurality of plates each are shaped

as identical equilateral hexagons.

15. The fabric assembly of claim 14 wherein the hexagons are approximately

1.524mm in diameter.
6. The fabric assembly of claim 10 wherein the wire mesh is stainless steel.

17. A fabric assembly comprising:
a first flexible substrate having a first plurality of continuous, ﬁon—oﬁerlapping
plates affixed to a top surface of the first flexible substrate;
a second flexible substrate having a second plurality of continuous, non-

overlapping plates affixed to a top surface of the second flexible substrate; and
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as identical equilateral hexagons. 15. The fabric assenbly of claim 14
wherei n the hexagons are approximately 1.524mm in di anet @8.Makéh 200% f abric
assenbly of claim 10 wherein the wire nesh is stainless steel. 17. A fabric
assenbly conprising: a first flexible substrate having a first plurality of
continuous, non-overlapping plates affixed to a top surface of the first
flexi ble substrate; a second flexible substrate having a second plurality
of continuous, non- overlapping plates affixed to a top surface of the
second flexible substrate; and 58 28 March 2005 a third flexible substrate
having a third plurality of continuous, non- overlapping plates affixed to
a top surface of the third flexible substrate, wherein the flexible

substrates are arran@ged fibibld sids@a&navi3d (MREFIGa Ty SR e tinRhlBh) ty of plates
is arrayed in a pattern such that a plurality of gaps are defined between

adj acent affixed pl @leAgppinklatcsRemidakyd bp mmtue@ﬁdﬁéﬁm&ozmwer ein each
plate is an equilateral hexagon and made of polyneric resin, and wherein

each plurality of g\ﬁﬁé?elﬁ‘ﬂ)%f@ﬁgfegﬁﬂsﬁﬁﬁﬁryarr&iﬁé&19'11'31&[:1@ M4 Hhddeih Bachhe range of
about 0.127 to 0.508mm 19. The fabric assenbly of claim 18 wherein each

equi | at eral hexagony ity dPpiaiPlsAhy R i:6d YartdfM L Mo Pirkite 86cabdark ange  of
about 0.127mmto Oq%08n%1 80 % he $§br|%ias;enb ly O Hﬂ cﬁglﬁ%RQ wher ei n each

equi | at eral hexagoruelﬁﬁgd@t‘péeﬁg@g&ﬁtdﬂﬂxegligpatgsange of about 1.524mm t o
2.032mm 21. The fabric assenbly of claim 19 wherein one of the pluralities

of plates have a .larger gap width and plate dianeter than the other two
pluralities of plates. 22. The fabric assenbly of claim 21 wherein the

other two plurgditifg MrcRbRIES of claim 17 wherein each plate is an equilateral hexagon

and made of polymeric resin, and wherein each plurality of gaps are approximately

uniform in width in the range of about 0.127 to 0.508mm.

19. The fabric assembly of claim 18 wherein each equilateral hexagon has an

approximately uniform thickness in range of about 0.127mm to 0.508mm.

2Q. The fabric assembly of claim 19 wherein each equilateral hexagon has a

diameter in the range of about 1.524mm to 2.032mm.

21. The.fabric assembly of claim 19 wherein one of the pluralities of plates have a

larger gap width and plate diameter than the other two pluralities of plates.

22, The fabric assembly of claim 21 wherein the other two pluralities of plates

each have a plate diameter in a range of 1.524mm to 2.032mm.
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each have a plate dianeter in a range of 1.524mmto 2.032mm 59 28 March
2005 23. A fabric assenbly conprising: a first flexible g8Mareta2@lthavi ng a
first plurality of plates affixed to a top surface of the first flexible
substrate; and a second flexible substrate having a second plurality of
plates affixed to a bottom surface of the second flexible substrate,
wherein the first and second flexible substrates are arranged in a stack,
the first and second pluralities of plates opposite facing, and wherein
each plurality of plates is arrayed in a pattern such that. a plurality of
gaps are defined between adjacent affixed plates, each plate being

conti nuous and non-overl apping. 24. The fabric assenbly of claim23 further
conprising a tyird £legxihlsemmiyl ]%gﬁ% between the first and second flexible
substrates. 25. The fabric asSenbly of claim?24 wherein the third flexible

substrate conpri ses; NVERiHARbitGte h%@ng A6t HIaRlilyor 3RRS MkY 8% «& AR

wherein the first and second flexible” substrates conprise a woven materi al

and the first and sgeRhiHwihel i8S, A pl ates conprise a polyneric resin.
27. The fabric assenbly of claim26 wherein the third flexible substrate

conprises nylon. @se@&dl\fﬁﬁi@ﬂ 8 e A ing & cdriPilritd SHRMEY afiRf 54 al m 27

wherein each plate is an equil ateral hexagon havi ng 'a di aneter equal or

greater than 2. 032nsnuoﬁlf3§1f&e%ma@Jco&pﬂl&ﬁ@s%bmtmm&mlﬂ{& firflafddcbdal ty and
punct ure-resi stance of the fabric assenbly.

Hexible substrates are arranged in a stack, the first and second pluralities of
plates opposite facing, and wherein each plurality of plates is arrayed in a
pattern such that a plurality of gaps are defined between adjacent affixed

plates, each plate being continuous and non-overlapping.

24, The fabric assembly of claim 23 further comprising a third flexible substrate

between the first and second flexible substrates.

25. The fabric assembly of claim 24 wherein the third flexible substrate comprises

woven fabric.

26. The fabric assembly of ¢claim 25 wherein the first and second flexible
substrates comprise a woven material and the first and second pluralities of plates

comprise a polymerie resin.

27. The fabric assembly of claim 26 wherein the third flexible substrate comprises

mylon.
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29. The fabric assenbly of claim27 wherein each plurality of gaps are in
the range of 0.254mmto 0.508mMm 61 28 March 2005

28. The fabric assembly of claim 27 wherein each plate is an equilateral hexagon
having a diameter equal or greater than 2.032mmm, the diameter selected to maintain

flexibility and puncture-resistance of the fabric assembly.

29. The fabric assembly of claim 27 wherein each plurality of gaps are in the range

of 0.254mm to 0.508mm.
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