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A puncture, pierce, and cut resistant fabric conprised of8Masthi2®5 ty of
sheets of plates arranged in a repeating pattern. A material interconnects
the plates. The fabric is tw stable, bendable, and flexible. It is

construct edoof1mebst ances that will w thstand cutting, peppsdidif, and
piercing forces encountered in nedical or other environnents. 28 March 2005
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5 SUPPLE PENETRATION RESISTANT FABRIC
AND METHOD OF MAKING

FIELD OF THE INVENTION

The fabric of this invention is primarily usefill to afford excellent defense

and protection against penetration forces including cutting, shearing, and slashing

10 forces, even by jagged or serrated instruments applied at excessive force and
impacts of extended duration. The inventive fabric also provides an excellent
level of 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



10 forces, even by j agged or serrat ed instruments appl i-ed at excessi ve
force and inpacts of extended duration. The inventive faB8Mared 2005r ovi des-
an excellent |level of penetration resistance to sharp puncturing and

pi ercing .f or 3z02/iibee fabric is conprised of layers, in which at |east one
of the layers has an array of plates. The pl at es in an ar PﬁVUﬁ@mwai n a

spaced rel ati onshmt;shmr; flastggihedie, RGLD .mterjal substrate.
"The penetration resistant i'nventi vecnfﬁacr |¥eg I s su %mf"S‘imoPabrl cation of

igarments and proh@cinbN@e£QVELFMES to resjst cutting,
shearing, slashing, 13puﬁct uring, n%éﬁé als eétafl‘f?ﬁ 2R P LBl invepliarent s of

this fabric inclisdiet ity QLG such as gloves, worn in nedical,
“industrial’, abrasi ve1 out dgédgxﬁ %@ é?e TP SRGHOR MEH Aevestionsl Kgvid: h

“penetrating for cmn@,g_wg an enetration forces
resi sted by the inventive gl’l g‘?ﬁghagfugﬁpcf%ﬂ lﬁﬁ‘a‘g‘frc%lb&desshuptedsm

i ncl udi ng hi gh- spesthniQhAkd A% shearing by scissors or bl ades;
sl-ashing by knives or q%larp ed %?%{Eﬁ%’fo estseipindwingssjeedtds: and

puncturing or A4 S or |ns 25 BACKGROUND OF THE | NVENTI- O\I
Nuner ous atterrplt[ij s havdgg%é)%ﬁ%gcgﬂvg Ffaéﬁﬁém&fﬂéi"?ﬂélﬂfabmem st ant

fabri-cs with suppl e, stl abl e, tw stable, and tactile

- charact éri stics. TheA?El %@ﬁﬁ% %@%Yd%e@lemmsoemmx cut, shear,
' sl'ash, puncture e resistant fabric of this invention accorrpl i shes
"each of these necesgagfp 1‘35\%3@501]3 i?eu’?se W@&\i‘&ﬁ?&%&uﬁemh@ovmmtl on is-

that it is readilye use i.n conjunction wi.th conventional . -
liquid barri erg Aﬁgggﬁ ?tgdn Qﬁfe éhléimﬁlmogﬂndbsﬂmthSmédiﬁﬂ it can be -

constructed usi gQ,e r| al.s .to increase wearer confort,
‘especi al I'y duri nguelg{ enoeegﬁg%g??% ?“B‘“Wu%@q'd#edpﬂﬂtas(gﬁqveefogaﬁgiemtlﬁe made from

t he inventive f
' ! @QJ faﬁnc is also useful 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 proteetmg the wearer from mdustnal injuries in

factones on construction sites, in solid waste handlmg fac:lltles aud in other such.

- hazardous envu'onments

Due te. the risingr‘numbers of wounds from knives and other cutling
instruments, thereis a s’i:rong demand 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 i a knit . or woven constructlon. Kmt or Woven constructlon prowdes

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



An .especially effective and highly desirable use for this fabric is for
protective gloves, aprons, sleeves, footwear, and ot her YoMt 205G oves
and garnents constricted fromthe fabric of this invention find use in the
nedical industry where a high level of tactility is. required such as

gl oves fmawozauwgi cal use. The fabric is also useful fremaspenta peopl e and
out doors people engaged in fishing, hunting, and simlar activities.

A oves. and patenisii spainerabidive beshrdied Mstringerig Bichas edratddikinived, Bavent i on are
useful for -protecting the wearer fromindustrial injuries.in factories, on
const r uct i obladds]j@sed infet8 Wripthsavamideit pantile MiguilBcid gréte@ion agagsti n ot her such
hazar dous environnents. Due to the rising. nunbers of wounds from kni ves
and ot her cpidciugor pidasihg.uments, there is a strong denmand for an effective
~and user-confortable protective barrier against these body cutting,"

shearing, sl ashiNg-pcsh RiLh&EBE, nERBARAG synitetifedonRiige RUbl i ¢ saf ety
.personnel (police offlcers fire fighters, paranedics, and first

respondegs) cdﬁ(ﬁlﬂ;cﬁ&%fdamé%bﬁéﬂd VavEIeBEgARedivd 8@ hnd BodPiRSE Suck ! Ot hing, or
~other objects are in great need of protection from shar’p objects, which

Gurrent Ty aoaoARIEIAERAR, %ev%?%%’%ﬁ o %‘?‘Sﬁﬁéﬁ%hﬂ o o e S
Srotdes” nunslindt"lenRinRiE uf 8P BHIHES 4 SRru iRk SRR BNSRBE W5 b2 oo
aserrat e B AR RN ho SRR EP R T oy o dee
- Vhereror b, "Halted) o Pﬁv@ctg o s beeE ket Eaf?re%ies%ew“é%r borous. o some

‘;currentlg avai |l abl e protective glgves and body: arﬁDr Such
. 1 prevent evaporanon of perspiration from the wearer ¥

~ Another advantage of the fabnc of this mventmn is that it (i) prowdes :
dependable res1stance to penetrahon, wh11e (i) allomng ease of movement due 0
| 1ts charactensttc ﬂemblhty, bendablhty, and thStabﬂlty, and (111) opt{onally can’ |
| be fabneated of breathable materials to a_llow evaporation of petsplrauon.
15 _-:‘_Alte_l_'l_.l'ately, the fabric c.en be fabriee.ted of liquid barrier maienals = |
o SUMMARY OF.THE INVENTION . _
The fabric exhibits properties e.fﬂexibility, bendability, twistability, and, "
| optlonal stretchablhty, by an arrangernent of layers, in which at least one layer IS . ; - |
' .- an array of plates connected to form a generally two dlmensmnal 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 be cut or: penetratlon

resistant and the level and type of forceto be remsted.



synthetics include aram ds such as Kevl ar(r) and pol yet hyI enes, such as
Spectra@ Such synthetics maybe effective at stopping boﬂ@M@r@‘rZﬁQﬁg
projectiles, . such as bullets, but are ineffective at resisting wounds.
from kni ves or -ot her sharp or Jagged edged objects. Such synthetics are

al so unwomkaesabl e, since they 10 ' prevent evaporatlorcnﬁsop/ersspl ration from
the wearer's skin. Another advantage of the fabric of this invention is
that it (i) provilddsbritepenciatdofileris irwitich tidegstoretof fteilgrrs habih e (i)

al l owi ng ease of novenent due to its characteristic flexibility,

bendabi | i t yarragRd plawds S Thdplhick i, anandy faintain gjatah@latiynshprwittbecih abri cat ed of
breat hable materials to all ow evaporation of perspiration. 1,5 Alternately,
the fabric ehebhendaabsd cabiethl efbstrhtgui d barrier materials. SUMVARY OF THE
| NVENTI ON The fabric exhibits properties of flexibility, bendabl lity,

twistability, arfhemdi¢ial abairaisieebehedanbdting matyiabil viisohgplret of | ayers,
i n which at | east one layer is an array of plates connected to forma

general |y tuoamixo®psitRRl 608 etay banEhHe ipk@hEfaresieadi ofdhdpaighin har d, .and
strong substance that is not fr| able or brittle. The substance type ‘and the

t hi ckness ofhe hfdgy. i THdicwhnsbdfig Rhte A Stdtbdrnedts fik Platesa6 ARF HelitdsQrd t S
appl i catlon such as whether the fabric nust be cut or penetration

-resistant %a:lt Y8 eadlndrYRBuDbui B £fayt %eeoﬁxﬁahfgtxﬁama?&sé\/arch 2005 WO
02/ 10667 PCT/ US01/21541. The fabric is conprised of 'layers, in which at

| east one @er%@&e;ﬁié%a%tﬁﬁﬁos%%fd:%ﬁ%g%y%r@é &%tm'ﬁh%epﬁlﬁsh% in an array
mai.ntain a spaced relationshi.p wth each’ other by.means of a . material

- substrate. dghe &%h%ia@éor%%ﬁﬁ%%?aﬂ%%mgﬁg ﬁne%&?&%{ngfﬁ%t&aﬂ@{ebﬁ' ‘to which the
plates 5 are. affixed or "attached and it may becone an I nt egr al part of

‘each of ;¢ heRhaiRSnlid 1048 tRlifPigin Etac&mwtﬂquatmg%tﬂfaﬂé erconnects the
pl ates so that the plates are spaced apart from each other t hr oughout t he
arr ay The ‘ﬁ{?@ﬂ%ﬁérw ORL &@ﬂr@{lttcﬁ‘ll enflances the strcngth of the fabric WLthout '
B | requlrmg _mor_c dense ptate mateta_al, t_lucker plate mat'enal, addmonal Iayet:s- of -

7 piate art'ay_‘s, strel:tger bending 'mateﬁai_s, ot' other strength en]aauping pto_pe_rtiés all
of which reduce ﬂexibility, tactility, bendapility, twistabih;tt(,_ and optiottal
15 . stretchability and increase cost. Tlie connectiﬁg material also' adds the important
property of ﬂexlbxhty of the plate array layer by prov1dmg a lnghly flexible
medtum betwcen the solid plates The flexibility i s dueina large measure by the
 fact that the com:tectmg material provides spac_mgbetween_ the_ptates, which i 13" a
- referred to in this ,ﬂiSf?_lOS!JIP asthe gap. V‘I‘_]_m‘:e,vei_d‘s allc;w bendirngand hmgmg
20 _ hétt)t}éen the plates, pr0v1dmg supptertess-to the fabric. Theconnectmg :rt_tateriallis B
'sometimes referred in this deseription ef the invcptit’re fabric as the coﬁﬁtluqus "
* portion of a plate layer, while the plates themse_lxtes are sp_metimes’ referred to a5 -
the discontinuous portion of the plate layer. e
The material substrate may also IIJ.G a‘baSG material to 'vtrhich the plates ate

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



serves the inportant purpose of distributing, any force that inpinges upon
the fabric or any plate or plates in the fabric anong th2s8Marcro2@th ng
pl ates, thereby 10 taking the entire l.oad of the inpinging force off anyone -
plate or group. of plates. This property of force distrihution enhances
the strength of the fabric W thout requiring nore dense plate material,
thicker plate material, additional layers of plate arrays, stronger

bonct ng, Tt e ! Ak, Byl HEAGHIGAMBNAION, RLARFHET i dhegl, Dl 1o
rpor Cant  pr ORE UBFAE ?ﬁ‘%fﬁ‘?ﬂ%?‘ﬁ"“%% SFR TR B ey e oRg i i ng o

highly flexiblg, en the s Iate The flexibility is due
inalarge msasur‘JIT&EQ/ﬁi’lg']ﬁlgh&’Wel stseriggﬁeegﬁ@%%ocﬁﬂ%e@ %’&aﬁ?ﬁ?lLﬁaXI Brovi des
spaci ng bet ween. which is rred to in this djsclosure as the
gap. These voi 5 %PF&W %’é??d?%bmlﬂﬂ%esﬁi’ﬂ‘bﬁﬁgﬁ%OB%QW@FIO’EM%W&%S provi di ng
suppl eness to the fabrl The gonnecting material is sonmetinmes referred in
this descripti S8 e MQF%W%GWWEWFHE@% the - portion of a
plate |layer, whil.e %ﬁ-.fefﬁg %tes themsel ves are sonetimes referred to as the
di sconti nuous {F8Y prestiate pugiopp ofiacsdhe bisg matarish tikaths may al so
be abase materlal to which t e&eﬁ) plates are 25 affixed or attached and it may
becone an i nt effAFpaMepR! @oneh ra lesier drepe dgmithe qonrcctigs mateBn).2005 arr ay.
The base material interconnects the Iat es so that the plates are spaced
apart from eacﬂs‘iﬂrﬂ‘éﬁest%?"@l]@h@dhefah@c aFlrechpse mpferigd vy alratbecompresdiiike t he -
connecting materjal_ (although to a |esser degree than the connecting -
material ), mayDddectiogipgpendigias tathy shast efthe brse miatvpinh gls puperty tagbé abri ¢ or -
any plate or. plates in the fabric anong the surroundi'ng plates, thereby -

t aki ng t he entqepigabledn gerisin anplicationgguich gé whenfusing¢headififenting fabrie fqsl ate or group -
of plates. The base material, |like the connecting naterial (although to a
| esser degr ee d¢aing sabbiogrentiig gr stherabizling pugloss: jou thwechplidakions, bi | i ty- t o
the fabric. The base material nmay al so be conpressible : .

' the plates are able to smk into the soft base material and avoid cracking. 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. Altematlvely, a layer of plates with connectmg matenal may support
1tself only or support one or more addltlonal layers of plates with comlectmg '
material. The mventma fabric may compnse 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 array of plates These layers may be in various stacked arrangements

and each layer may have various plate conﬁguratlons The base material or the



in a direction perpendicular to the sheet of the base naterial. This
property may be desirable in-certain applications such a28Maesh ZHl5ng t he
inventive fabric for cleaning, scrubbing, sanding, or other abrading
purposes: In these applications, the plates are able to sink into the soft
base material and avoid cracking. In other words, base materials acts |ike
a shock absorber. The connecting and the base materials nmay support plates
.t base material may be

on one or both_ of their surfaces. In the fabri

combi ned wi t h- %eﬁ%ﬁ“&@agﬂ%a@ﬁnwwaﬁef BOVeRgoEc Thehase mptenpler o g
interconnected with, connecting material. Alternatively, a |layer of plates
wi th connecti n@“q?ﬁft@gi“%ﬂtmﬁt‘f}?&fﬂ’ﬁw?q%I%Wpeéﬁﬂ‘?dg?ﬁ%pport one or nore
additional layers of plates with connecting material. The inventive fabric
may conprise one or nore q;ie materials | ayered together with one or nore
connecting materi al 9™ “VHEROLReNG 2 fepyespriatis Msthod ofa manufeie of  nor e

combi nati ons ofa figchatig @ kingle pladeNSfer A AN doRketidBhALAARl types, each
with an array of plat es._lpese | ayers maybe in various stacked arrangenents
and each | ayer Wﬁ’afmf’é Te8H LY pPetieringsepicgivemstera atorle base material or

the 28 March 2Q0mecipiRadrial O ERplefci R the/PRYe BforarfP ha¥g B Or woven fabric.
The base material..o nnecting material nay be breathable or may be a

r. co
li qui d barri er POTHORSH AR s SORTEE materiab gy wilahle sitbstoreedert hod of a manufacture
of a fabric havingotofshe\gtes idydePrin@Y 8hitoMd R¥nlinPmabi@ifosRNnect i ng
~material atop_ base material begins by positioning connecting material atop

t he connect i ng "t dF PAlF™ anay ghiaf templatstand fe tamplate maxperemeveday nay t hen be
posi tioned at opepdiing@h ARGHBRASEIUERS platks, thd phiklsthdhbe ssiRRLANGEmEor formation
of the plates may, be printed onto the connecting material through the
plate pattern 8?%’%%71385-1’?%@%%%&%(1 the tenpl ate may be renpved. |
Dependi ng on the substance of the plates, the plates nay be subjected to-
curing : C . . :
- If the connecting material is an elastomeric material, the degree of stretch

gfﬁle fabric must be limited. If the fabric over stretches, the spacing between 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 mﬂeﬁal in such 2 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 |
' J o ‘ - fiber, the'ﬁlﬁer preveﬁts ﬁzrtﬁer stretch ;)f thé 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



or 'c.)t her post-pat'ter ning treatnents. If the connecting material is an
el astoneric material, the degree of stretch of the fabriz3 Masth 20851 i m ted
I'f the fabric over stretches, the spacing between the plates may increase

sto such a degree that unwanted penetration is permtted. Several
~arrangenments for limting stretch are avail able. A non-stretchable fiber

may be affixed to the elastoneric connecting material in such a way that in
the fabric's unstretched state the fiber has slack As the fabric
SLyetches, i of ackleimetiodiiamarticaihae il sl 8igalg 0 0 oL 20k
USe of non-st 7ot chable or Streteh | oyt neronst ShE AhtreBIVRLT cel oct ed
5 T
sub)s/t_rajt e such as cutti.n_g,n.rl sheari ng,@mglr@(yﬁs%l as%ﬁ%‘%&ﬂ%‘ﬁnﬁﬁ%‘yﬁ om
sustaining damiguia, ot shuapcadte s 8 ARe e RIS BpLIT, om0 o
he destgn, St rengtn di mena oo PRECAL B, S0TRAANS: ol SRS Var ous

appl i cations. Aciossrahicgpingd offtRabbEdRko B RediBYR S fabri ¢ is that while
the plates thenselves nmay be hard the coﬁ;ﬁ%‘éﬁ{gﬁ&eﬁﬁ%‘%" %ﬁmﬁtﬁ?albe hi ghly

flexible, bentetken the Wird hRBkand BB%% Q%ﬁfz@%- l her words, the fabric
has the property of being locally ha% (tha |§1W?{3heg$a§?g’§te£‘f‘ﬂm%lrd), whil e
retaini ng gl obaivertivg (IbEB & evATKRDE rdll e of the fabric due to the
flexibility of the connect?ng mat erfg{hv%)é% \Neesnanﬁﬁ%"f?}’]ﬁ?a&c%tpéﬁ%@dé{ﬁﬂ t he

sof tness and fardale bidriwthichaf is HRGed rical ... The. inventjve fabric may
even exhibit relative soft nessﬁ?rjl codr%r%r?g%%taPIS%ﬂWQ%mgliaﬁ?r°farti cl e over.

which it i's draeten: e B9AE i@ R iQhiafeshithl ABliSch |G, 0aLT 1 e Laver or

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.



Jtreatment fofthe fabric wthra I'irqui d resistant-substance resists mgration. -
;of fluids through the fabric. It is thus an aspect of tZ&eMprohs®05.
““4.hnvention to provide a fabric assenbly . conprising-a flexible substrate- .

having a top surface; and a plurality of continuous, non- overlapping netal
pl ates having substantially uniformthickness of approximately 0.051 to 0. -
12 7mm, the plurality of nmetal plates affixed to the top surface of the
flexi ble substrate and arrayed in a pattern such that a plurality of gaps
are defined betwe¥m aadhaagptt dfiid pxacnt privattes is wiperviien fillvie agemblyar e
approximately uniformin width, and wherein the gap width is approxi mtely
0. 051 to 0. 12%mmrisihgatiine flexdblp edistraé havive afirg pbundlity ofoentirivoms, hen-t 0 provi de a
fabric assenbly conprising a flexible substrate having a top surface; a
plurality of poilyppng matesodiized tpd @b eafdoavi thgfisulbsitdndubsttatey a smedbddor m t hi ckness
of approximately 0.12 7mmto 0.508mm, the plurality of plates affixed to

t he top surf atlexidf subltentd hawioiglalsecond plataligtof comgingovay moaypeerldppingpla&®tt ern such
that a plurality of continuous gaps are defined between adjacent plates,
wher ei n t he gaffisedive tappprimciofitiec sbopndificxitde sabbtmtayamit Sthird fckible yabs@ateresh
enbedded in each plate and conpletely covered by the top surface by each

pl ate. Yet anhpvingra thishdaslitghf tdnenmpuesienbvirlpgng plaes affixddgo propwindgeea f abri c
assenbly conprising a first flexible substrate having a first plurality of
conti nuous, nefithe tird flbxippsubgtrant, athesinahd floxitde tubstatds o asanded drea adckt he fir st
flexible substrate; a second flexible substrate having a second plurality
of conti nuous andhwkereiy each algpmliteiplates isarraggdin g pattanpsugh thepa plurtioéses t he
second flexi ble substrate; and a third flexible substrate having a third
plurality of e@seliredbeweenpdincensaffixepplitay pl ates affixed to a top surface

of the third flexible substrate, wherein the flexible substrates are
arranged in a stack s stil gaothes esnettof e oreseit invantionyo prpvide afabgc asserahbly ayed in a
pattern such that a plurality of gaps are defined between adjacent affixed
pl ates. |t i scapprisingadist Hexiblgspsiate bfvingradirpmbusality of miateratfiznd to atopr ovi de a
fabric assenbly conprising a first flexible substrate having a first
plurality of E}}r@p@gfqgj firptylegiblegubstrpigpand 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



“~surface of the first flexible substrate; and a second flexible substrate
having a second plurality of plates affixed to a botton2&Mafchc®06f t he
second flexible substrate, wherein the first and second fl exible:
substrates are arranged in a stack, the first and second pluralities of

pl ates opposite facing, and wherein each plurality of plates is arrayed in
a pattern such that a plurality of gaps are defined between adjacent

af fixed plates, a28€ "rneefhinPaidopIAed Sl abis: ARFJ I8 EM L iftidPin gy Fur t her
-obj ectives and advantéﬁ%s of tﬁgq%resent I nvent’i on aﬁll Eecone ?eadily

apparent to thO&%@g}&Jfﬁ%;& ertt@iagél?r\iaﬂéﬁsq %nfsgk{)i éé’ili}gréle}ﬁly&,tb%

description of thi's specitifcation. To illustrate e Inv I'on, the

DESCR PTI ON CF ol NYENTH G 20 ul] oo BRI GALbAY Shove and

descri bes certain enbodi nments 1 on. wever, as wll be

realized, the iﬂ&ﬁﬁéhiﬁﬂ%ﬁg%hﬁﬁ”kﬁdgﬁﬁ n%fﬁ%ggﬁﬁg&ggfﬁﬁh%gﬁgpnents of its

constituent el enen e requirene various uses of the
fabric, w thout Lin of ,th resent invention. For
exanpl e, the fa%%ﬁ@éﬁé§m%§eygﬁgkgﬁmﬁ%gﬁﬁfﬁ?gpgﬁgﬁggpgte 7a 28 March 2005
arrays, The geonetry of the plates of the fabric nay be identical or differ
in any one |ayer or fromlayer to layer. Various |am nations of plate

| ayer arrays, base nmaterials, and connecting naterials may conprise the
inventive fabric. Accordingly, the draw ngs and description of the
invention set forth in this specification.are only illustrative in nature,
and not restrictive. 7b 28 March 2005 WO 02/ 10667 PCT/ USQOLl/ 21541 BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is plan view of a fabric enbodi nent
having a stack of layers, a ' : |
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first and | owest | ayer of guard plates; a second superinposed staggered

layer of guard plates on top of the first |ayer of guar#8 Maathe2}05and a

third exterior layer of 5 aperture plates on top of the second | ayer of
guard plates, which together cover the entire fabric area. Figure 2 is a
pl an vi ew WP 9¥HWes’f abric of Figure 1 showing only the fiPEHUENIS45econd
guard plate layers and the position of bonding spots for bonding the
aperture plate |ayer, but BHIEERESGRIPTHEN{ON THEDRAWINGS ayer of aperture
plates. 10 Figure 3 is essentially the sanme as Figure 1, except that the
position of bondi ﬁwléq)bﬁ@aﬂd?evb@)r/ﬁcfﬁb@qmd@@efdw&mg@éﬁﬁékﬂﬂwe&Fayer to the
third guard plate layer is shown. Figures 4A and 4B are cross-sectional

vi ews taken alfirsignd hevest laes ofguanitplatss; a seopdepeirepased stagerfed layeof1, 2, and 3
showi ng anong ot her things the position of 15 bonding spots for bonding
the | ayers. Figyendgldesiam tep pff thanfinet leyer of grmnigplites; aahditid wetetiordéyet ble i nventi ve
fabric having first and | owest guard plate | ayer, second intervening |ayer
of aperturé ppathes platgsdn topiof thelseyped lagér of igeard platestvdsciemgéthdreovegibst agger ed
and superinposed upon one another, together covering the entire fabric
area. 20 Fi gureatifs falgicargal an vi ew of the fabric of Figure 5 show ng the
first guard plate layer, the aperture plate |ayer, and the position of
bondi ng spots for [biguek 1y a pldneriapeftbadbrid eigurd bsiowengadpd figasd pl at e

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

| ayers and t hecondghdrl prtcahydpoaditikchosifoh 6f Hoalink vk Rgbéddtgsmcond and third
| ayers. 8 28 March 2005 WO 02/ 10667 PCT/USQ /21541 Figures 8A and 8B are

Cr 0ss- sect i Onapertir@PpBietlales Bubdd Bowilpehé thid SxtbridnsyeBof 4RANE ?Ia'te\g.el y, in
Figures 5, 6, and 7 showi ng the position of bonding spots for
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.



bonding the layers. Figure 9 is a plan view of another enbodi nent of the
fabric having first 5 and second superi nposed stagger ed28 Meects2@f5 guard
pl ates. Figures 10A and 10B are cross-sectional views of the fabric of
Figure 9, taken along the lines A and B, respectively, show ng the guard
pl at e | ayeWe e2itisber posed by a base material. Figure 11 perasplasmivi ew of a
further enbodinent of the fabric having three 10 identical superinposed
guard pl at e | ayer s Figirguftemnd BBArandssieBionnleiarsdsisnsbag itleriides diaeds of t he
fabric of Figure 11 taken along the lines A and B, respectively. Figure 13 -
is a plan vi enBokspactoelyem Bghed, dpntl 7ahowihg tiealosition sftonding sjdefor fi rst | ayer
having a pattern of non-identical guard plates. 15 Figure 14 is a plan view
of the fabric fmdingtheleyels3 showi ng the second | ayer superinposed on the
first layer. Figures 15A and 15B are cross-sectional views of the fabric of

Figure 14 taken alFgnge ¢ e plinnesy 6f apthefembodinec bf Metpric BAvow fagt t he | ayers
interposed by a base material. 20 Figure 16 is a plan view of an

addi ti onal ®rbadissenld skritipesell abgdetednNBtsnd gudrt pBkesand second superi nposed
staggered | ayers of guard plates. Figures 17A and 17B are cross-sectional

views of the fabri gigiesHOBLHE 101 arelcAls®BecBbii Oict 81 thb RdSic Of PGk,
respectively, show ng the layers interposed by a base material. 9 28 Mrch

2005 WO 02/ 106fifenR ' Yo ASAd B, febtbuii 1yl Shdvin@mR lg8ddd YilaBWails an addi ti onal
enbodi ment of the fabric having first and second superinposed staggered
llayers of guargicRjosddasy saask @atbdpir d
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.



intervening |ayer of aperture plates. Figures 19A and 19B are
cross-sectional views of the fabric of Figure 18 5 taken2&aMarap 2008 | i nes A
and B, respectively, show ng the aperture |ayer positioned between two
sheets of base material. Figure 20 is a plan view of an enbodi ment of the
fabric hawegp/fsa’st and second superi nposed staggered Pé@lyesg, 2081 guard
plates and a third intervening | ayer of aperture plates. 10 Figures 21A
and 21B are cr oss- Bigotd I@riah phi eigwy offn adbtidnabsmiboduientoifhe bdghavingken al ong
the lines A and B, respectively, showi ng the aperture plates enbedded into
t he base mat edirstland feconi smp@inpawsedstypgamrd ldyewob fuaahpttaeandantbiodli ment of t he
fabric having first and |lowest and third and top superinposed, staggered

| ayer s of gualigepthehyand agertuddplgecond i ntervening | ayer of aperture

pl ates, together covering the entire fabric surface. Figure 23 is a plan
vi ew of the fabricrighrekilglned POB &b owkdseclidial fiewssf tiuBbde offigire 18 ayer and
the aperture plate | ayer and the position of bonding spots for bonding the

second guasd pdkah Bloh@iRlines2h) afrd BUkGRctdAly, shddihg tansheAffe 18yeepaitbast sect i onal
views of the fabric of Figure 22 taken along the lines A, B and C,

respecti vel y. bhEiwged 8volbedtSofbapd ameNdiew of anot her enbodi nment of the fabric
having first and second superi nposed, staggered |ayers of guard plates and

a third and top ﬁfewoqssz Bh Qiclyd¥ 8h emBéHiG bt A § £ Wavihd Brspasl ti on of
bondi ng spots. 10 2 March 2005 WD 02/ 10667 PCT/ USOL/ 2154 Fi gures 26A and

26B are crossy&8ad b@@ﬁfﬂpé@e@ ‘@ﬁgg%i'edtlgﬁrg A%l pOkesBhON IfrddRervEBKERyS! ONG the
lines A and B, respectivel
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



Figures 27A, B, and C are cross-sectional views of a further enbodi nent of
the fabric of this invention conprising guard plate arragsMaahiangsi nt egra
nmetal 5 wire-nmesh reinforcenent. Figure 28 is a plan view of another
enbodi ment conprising a first |layer of hexagons and a second | ayer of

par al | el ogvan®10667 gures 29A and 29B are cross-sections p€T/Bsigarsel 28 t aken
along lines A and B of Figure 28, respectively. 10 Figure 30 is a
cross-sectional vi Sgues 26Aahdh2FB arboei-seetidnabfiewhel thalbiicofdfigur¢ B s i nventi on
conprising a netal guard plate layer. Figure 31 shows a cross section of

Fi gure 9 usi ngairrtkhg therintds aqgdB)espepiivatyes | nstead of pol yner. Figure 32
illustrates a 21 G nedi cal needl e inpinging upon a netal guard 15 plate

- fabric enbodi ment . FigugadreA3s, dné CaresoSseaahlivisval of if@epémbodimditi ¢ that is
a hybrid of wire-nmesh and netal guard plate fabric enbodi nents. Figure 34

i |l ustrates angthahbritRififadinketioh onahRtheBibidiphlteart 5y Bivind iaggiahattal
DESCRI PTI ON OF THE | NVENTI ON 20 | NTRODUCTI ON A primary objective of the

present i nwentyigmbd rbiafgpdetiehide a fabric with superior penetration
resistance, while at the sanme tine maintaining a high degree of fabric

flexibility. Depengigigs MishBfin iidledRihdRRbb ERAbAQBmpLARS & ARY jageraN al SO be
constructed to provide abrasion-resistance, abrasiveness, enhanced grip 25

;g?racteristiQ§m¥£ﬁ§ﬁﬁh@Q&hhm%ﬁng?gmgagg&ngesirable characteristics. 11 28
ch 2005 WD 02/710667 PCT/ USOL/ 21541 XPLANATI ON OF TERMVS
Figures 29A and 29B are cross-sections of Figure 28 taken along lines A
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.
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To assist with the understanding of the inventive fabric, an explanation of
sone of the terns used in this disclosure is provided. TA®Maxgh 2008ti on of
the terns is not intended to be either a definition or an exhaustive

expl anation of those 5 ternms. A full understanding of those terns is to be
garnered fwom/tthey explanations, the entire witten deseci/psmarsspf the

i nvention, the drawings, and the <clainms set forth in this disclosure in
conj uncti on WEXPLANATOONOF TEERMSt andi ng of those terns by one skilled in
the art. "Aperture” refers to an area of the fabric not covered by any

pl ate when 10 twoTorssbmith eamderbtandingsofdheinsanties fahpg ee dxpmatacdt ot her or,
in other words, it is an area of overlapping gaps in a fabric having two
or nore pl at e sbay ef the sampe niedpotadisoivswa ddprotifiel . The Agdatatioreofghat es” are

pl ates that usually have a snmaller area and cover a snaller expanse of the
fabric than guandipiairadeCertercihdry defgidon oiraa ephaitt®s eaplanatidd opihsset i oned to
cover apertures not covered by superinposed guard plate | ayers. " Base

material” sef esrfs! @ @l shépdtanding@f dsetema is tdtaigalrdregddai k| y a non- woven
fabric. A layer with connecting material nay be supported on a base

mat eri al . The cRpis@tiohd, GiclcatircRVrBivh d&SGriftRSI T tRNGRNES, HRFdvEndsealdtg and over
all strength to the fabric. The base material nmay be selected for, anong

ot her 20 char aBif¢ iebFdrtaSn tHid @3cidinkiit yqn]i@fcﬁ&mftmmela&ﬁﬁbﬂ%déﬁ%aﬁfgeri stics
with the plate substance, conpressibility, liquid inperneability, chem cal

resistance, braRkdeRhd byldbe sBNSE WasEhabi | ity depending on the use of the
final product nmade fromthe inventive fabric. The base nmaterial provides

hori zontal and opt Qpgure”vEEkkCA arkd UeSH BbdiOfbt bt ABy B8P plae-wndien the
pl ates are established on the base 25 material, whether” or not the base

material 3gpPPeKs S xﬁoﬁ%ﬁ?@ﬁ%r@&e Bpeffab&led oh REnRARP ol B ABrMREENt 2005 WO
02/ 10667 PCT/ US01/ 21541

an area of overlapping gaps in a fabric having two or rﬁore 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



material allows the substance of the plates to penetrate into the base
material and/or to adhere to the base material. The bas2zs NMatckrd0db6 may be,
but need not be, penetrated by the plate substance to achi eve opti num
bonding with the plates. Exanples of suitable materials for base materi al
are nyl on,wpotwest er, 5 polyaram de, acrylic, and cel | wosesovedser i al .
"Connecting material" refers to a porous flexible material. It may be a

| oosel y woven rhattrial allosws the snbitareé of ihb elates ay pebeatrutksintoifbe basemiawrinl f abri cs of
this invention, an array of plates is established on a connecting

mat eri al . For anéfbt @iadhert uvBSThdsy Mafetibll ITHS bask hxtetiannBdic] g nsad it bgl may be
supported on a base material. A 10 representative exanple of a suitable
connect i ng matmwhdtatediby tRAIstesibetndeb hdhRe ofiium 6ONNRCHHG: pRiceri al is
selected for its porosity and flexibility. It is also selected for its

ability to praagledofRRMREHEIRAD R DR MAdR] 86 niIBn Polyest@l and for its
ability to enhance the resistance of a plate to debondi ng stresses exerted

on the indisvi Gd8laranPQb@yIRY arti¥leB@didHatt ¥ debonding forces throughout the
array of plates rather than 15 concentrating the debonding forces on a

single plate or a fe¥RLRkeSerPeBretNG a po! At RaShiaR hahRA on the
connecting material, whether or not the connecting material is supported

on a base Mt gfdsely wdvBeEERNRSCkdE iRk BF badls. Fot QPGin'diRics SPARL ance of the

pl ates or the bonding of the adhesive for the plates to penetrate through
t he connectin - e | ’ I Gh he. d Nty ric of this
di scl osure. | '?n @&%51?%?@2813%2%&5%@%? : F%%g%ng%({t]]ggfdaa{&é?lj fﬁoﬁgﬁ]alﬁ]gh the | ayer
is an ordered; . pl . r i i i.ne d
stabilized in heafe B ’ytﬁéago%rrﬁ o ffkRuthsy %lsg@éﬁi?ﬁi’/&%&é‘gl' & abl i shed

on a connggtin rS&%ﬁtQt‘iJeaekam@P 9%%?@@,583&?@11 lmate?irglfé)?%l?est&%g#%ﬁt rpg material

supported on a - base nmateri n area a plate layer that is

not covered b %oﬁlegtgu%smatéﬁ;al ?s%el'gaéc? E)r %98&3@ 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 plate 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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WD 02/ 10667 PCTIUSO /21541 "Cuard plates" are plates that usually have a
larger area and cover a larger expanse of the fabric thashMapdr2006e pl ates.
"Layer" refers to an array of plates enbedded in connecting or base
material. In a plate |layer, plates are not directly connected to each

ot her. Thewbogaesecti ng or base material maintains the pogutdiana: of the
plates relative to each other in an array and maintains the gap between
adj acent plates. "PGpir@plated? lepldidd tRMudally Nivddddrgathand tdeer OhjRet . A plate
may have any suitable shape. A plate is general%y pl anar, but need not be.

I'n a penetrati&pansk 66ths FdAL tHah dMub4Ratbsabri ¢, the plates are constructed of
a penetration resistant 10 substance. The plates nmay optionally have ot her

characteristics, SUEh a5cRIBNARGHay QpldestBbediRE aSdodRedifs bsance. The term
plate refers to both ‘guard plates "an aperture plates. "Registration”

refers to supephigR@gh leatélﬁy%?,hgftgé Dnot BB coffRERd B AbRothbAYi®ES 1N proper

relative positions to each © so that the penetration resistant 15

fabri o prov desyth iRt Bd URELHECHEARLSLAREALAORIASE me| o |1 ke or

knife- |ike objects. ayers are superinposed on each ot her

to mnimze t&ﬁerﬂ&%ﬂr%?@n&ﬁ@ﬁaﬂ&tf?éc%a?%@tﬁa}ekﬁfdiacgﬂtﬁﬁ%. fabric. "Substance"

refers to the stu ter, or constituent conponent of which the plates

are constructed: - S AYSTOLID Sl AhEREDbe s ORRUO Ty Akl of 20

conposition. The substance may ; rong, and not friable

O GDrittle depensl agnof.kNee BRI SaLLR nThSoPHDIE AREELuge 2N the

t hi ckness of e nee pene I'on resistance, for
cut resistance, .and.for,. r.esistan to ot her, forces .dependi on the
oncounterea | doaff i Bve it hE Bk 2 cOb kel & GERAHRBS NERH 20 1) D san

10 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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PRI NCl PLES OF | NVENTI ON A typi cal enbodi nent of the fabric of this
invention contains nultiple layers of guard plates w th28 Marchu0d pl at es
in each layer connected to a base material or to a base material and an
overlay of connecting material. The guard 5 plates are manufactured of a
subst ance ¥eEWs®d for its resistance to penetration angr/opnizeual ly for
added features of grip enhancenent and abrasion resistance. The base

mat eri al proviRRINGVYEESIQY ENYENGIONt 0 t he fabric, including resistance to
tearing and overstretching. It is selected for its flexibility as well as
its strength, for Atyeicgismbpdinenioiitisrfebrigiof Hit inpeensicarentainpapiinte, and for
other desirable features. 10 Gther characteristics may be inportant for the
base nmat eri al ,lagtrodf suard praéestwitidhe guayd platesdn eebtast ponmgcteditopdaei ng on t he use
of the final product made fromthe inventive fabric. The connecting

materi al is sehagiabo thabajematpninl exd anoverny of Lomettig hatyriall The guawdl so sel ect ed
for its ability to provide a connection between plates in a |layer and for
its ability tlamshanoenufiviursd ofarmybitanoé sddeted farit rbadtanse o penetrgibmt e 15 array
and the base material. The conposite nature of the inventive fabric nmakes
it possibl e tandepiianzakty folr eddel Ifyatirésndiprip enhatcehdeat quidabmsion vezis)andear d,

puncture, and cut resistant plate features. At the sane tine, the fabric
may exhi bit glXhbbhse@mbdiatal provideesardll)stragit o dissfabiyg inclddéng desidtircy toadue to t he
degree of softness and flexibility of the base material and the 20

connecti ng matiefingbndheswBvichBe. & ipRicticd Mr &t faipilityCatwedlas ilBytrdndthl Ci ous

sel ection of substances, the fabric of this invention can resist a wde

range of sub- fadilsiabilitgtolohe 86th theaté albktnie] dhd Aeotlite SbGRBE fEfuréLsSi St
ballistic forces due its inherent design. The large size and extrenely

hi gh speedigof @GherbBdrhdtaistis hoy BSinfofindtr hetthad mbahidl] Sbh 6s brem@stlity Nnvol ves a
| arge degree of fiber tensile 25 extension and stress wave energy
di ssi pation owad wadhaBili§2 d§Pealink 34 B8 fisd T AaPprduct aliB 6l t©005
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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WO 02/ 10667 PCT/ US01/ 21541 size of a bullet. This makes it critically
inportant that ballistic resistance materials nust use 28 Barch 2006h hi gh
tensile strength, nodulus, and energy to break. A simlar situation occurs
in puncturing of a fabric by a blunt probe. If the tip size of the blunt
probe is WOP¥WeENntly | arge, the dom nant node of penet Pal/Uem/21815
stretching and breaking of fibers in the fabric. In the process of needle
penetration  tstzeofighuliet.f s mekestitveitisHiyrippontant tiat baliitie tisistageen penetrate
fabric sinply by opening up gaps between weaves. A needle penetration
process, ther efarals ook asefiters withdéglstansilk giréngtio modulig asd érergyxe bresk.on and
breaking of fabric fiber. The design philosophy nust be fundanentally

di fferent. 10 Aldmilaostindftonpemat hauhamritgsiatitaiods, a dne pagbpr HadeHipi szet 0 have a
hi gh |l evel of coverage by penetration resistant plates to increase the
probability tRathedliaepebbe isaifficRhitelargepthe loainkmgnodeSi perveaiondd | | encount er
puncture resistant plates. The fabric of this invention will provide 100%

pl at e coversagen¥hiig b eIy EHSer® in tht AbES. InTheploedsibf ket Benetrgficdr S to bot h
guard plates and aperture plates. Typically, the 15 three plate |ayers
nust al so be shigsh ARGV hinPHE AL § SRR YerchaR ISR sihlpBho B 100%
coverage. The fabrics illustrated in Figures 1- 4, Figures 5 - 8, Figures

11 and 12, FiyguaesehPecdatdd, AMeails fonedRicaRoctds, theteli#é, @Besawt - 24 and

Figures 25 and 26 are all three-layer assenblies. These three-|ayer

assenbly fabrics:achy Bvsive LA RAL HAVLELRBE of BibAc dhére Thé @igAer pendi cul ar
to the fabric surface. 20 Figures 9 and 10, Figures 13 - 15, Figures 16 and

17, Figures 28380829, ustbb $HiSRerbtydiirad. ar e two:-layer assenblies.
Al t hough, pl al%e cogeragse of tﬁnge fgbrié surface with a two-|ayer assenbly

s ot 100 the ogBuai@heliaghl Nudlec! iR phBRl ¢ AR Bigh|ai@d to only a

few percent. This is done justing the bet ween "pl ate and

APErLUe o1 2ol dfecRYBeblidfloP bl ARSI, Hefins ALY 85} hMICIRE 25 twO

plate layers to m erture size. For exa e equilateral 16
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

16



28 March 2005 WO 02/10667 PCT/ USO1/ 21541 hexagon guard plate array of

Figures 9 - 10, the hexagon guard plate m nor dianeter p8MictnR2005 and t he
gap between adjacent guard plates is 12 mls. The result is that the open
area of the registered two-layer fabric assenbly is about 3.4%

Addi ti onald¢yoragg7ust i ng the gap size between adj acent pPker/Esvizes4d | ayer can
5 reduce the size of apertures in a two-layer fabric to be smaller than the
di aneter of aecnped @@m@pm&%rraﬁﬂﬂﬁigmwsila,ehemexhgdnmaﬁd@ﬂathmblw he benefit of
i ncreased puncture resistance at the aperture-locations. As conpared to
three-layer agemddiieso @ils faghe gapbeRtcy &ljicebr guard lates-ib #/mils.aBgenbl i es cost

| ess to manufacture. Achieving and naintaining the optimal registration is
i nportant for Lu it YEhe bthlied oS eptdr@Bwolldydr Gibrie ¥anmbly is dHoet
aperture-size for hexagon plates tends to fluctuate a significantly for

di ffering regisjy,ahii@Ropily! ANRhiS b gAY siATRaMEL agjateabylites infilguer em 27 shows a
nmet hod of making a reinfofced guard plate | ayer using wre nesh.

Typi cal l'y, 4 hq%ré&gggﬁ%pg%%s%mu or £k 1Pbd\RRalISHRE! @O GlameteBYf be  used

dependi ng upon The fabric of Figure 27 is fabricated using

15 wire- mesh aa%kerﬁcg%gio%cgg%g%e 5 bl RN AR, boftis dalralsaspubies i r e mesh

is enbedded in uard e resin re the resin sets. The process

includes pl acriesqga%cﬁgtt% ?@%ﬁ’ﬁcﬁ%ﬂ@ &%H%Qfeh'?&thf@fl@eiﬂsamlﬂ%ﬁfﬂg the guard

pl ate resin over -connecting naterial conmbination, placing a

photo nmask patterned..in the formof. an At HAkdABlidk@snaver the wire

nmesh- connect i r}ﬁve f’%tfaPré’t‘%g?agg%l na?ﬁeonsglggs?ﬁg%h?iﬁe phot o mask pattern has

openings in the.gquard plate .|ocafi j platsiesesin with
I %tg%?pr%naére );lar%tho%rg W%%a%tﬁ%mﬁﬁggﬁﬁﬁc S i

ultra violet esi etween the guard

plates (in the gaps nd et ching.a h I 20RL ween (in
t he gaps) ItoheeFd’g.ﬁfﬁ‘)“ﬂ‘i”g}ﬁee@?@fﬁ@m?goﬁ}g?%ag%?ﬁl(ﬁfcgggé‘%gl u?ﬁ%.tgas ocessﬁt}]as an
array of metal  w e ek on PSS i dubh G connect ed 17

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
@ -

17



28 March 2005 WO 02/ 10667 PCT/ USOL/ 21541 together by connecting material,
whi ch extends between the gaps and through the guard pl 28 darch 2005hi s

di scl osure, enbodinents of the inventive fabric are sometines referred to
by the designation SF11, SF12, SF13, and so forth for ease of 5 reference.
An oct agorwanuwsefuare plate array has the benefit of nuetr/usdaced
sensitivity in fluctuation of the aperture-size when the registration of

| ayers is awaggefheoly ddnseqing detedalnivhieh exteids betvepothe apsrand Whough tled | ows for a
| arger registration tolerance. For exanple, in the equil ateral

oct agon- and- sguatielagdard plate two 10 | ayer array of Figures 16 and 17
(SF18), the octagon guard plate mnor dianeter is 80 mls and the gap

bet ween adj acent guahi dpcREES, cibodithehislosthe TvenioREIbrRR@BsoBctimedi S regi stered
two-layer fabric assenbly is about 3.4% identical to that of the two

| ayer hexagon refehéito 0f tHehRsif@ltibh SFOf, SFIT)Wres a8d Wl Gr(c@b?) . However, t he
size and density of apertures in the nulti-layer fabric for SF15 and SF18

are differgnt refdonche SF18 two | ayer octagon-and square array has snmaller
but nmore numerous apertures than the SF 15 two | ayer hexagon array. For

the same guard pl apg 8@ n-AR&GHHE aé'aﬁ’é‘?hasﬁﬁl@be‘néﬁi’o\fhﬁ@@&edﬁ&ﬁ”Ure size in
the SF18 fabric is about 80% smal and nore nunerous than the apertures

for the SF15 fséﬁé‘,{ﬁvﬁy uﬁl&‘ﬁlaﬁ&%ftﬁ@%eﬂuﬂefslz%Wh%ﬁ‘ﬁie‘i‘»egﬁéﬁraub&?@flﬁy%rst1@9 plate
substance for the |nvent|ve 20 fabric. In choosing a polyneric resin as a

plate substanggay byl féa&gﬁﬁlﬁéatm%@ PR Synich ailwgﬁqa%g&rpg&msﬂ the

pol ymer resin and tlﬁ Base materi a A suit po ynmer resin for

construction Qg(lﬂ%ﬁ%r gélaga(gﬁlgiesm% ﬁﬂaﬂ %glrl aﬁiuéqu gu SI n

formul ated to unhctur cUt Tresi st oprl ate to the

ST SIS 0 6 SRR O b b Lo e o
shape definit i88 911f3 %& fid gQﬂ gé%éeﬂ%dj%g&t guard plates is 12 rmls. 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 fabﬁc 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

18



18 28 March 2005 WO 02/ 10667 PCT/US01/ 21541 curing. Such resins are
readily fornmulated to neet these criteria and are avail aBBMaréhr2005 f or
exanple, Fielco Industries, Inc., 1957 Pioneer Rd., Huntingdon Valley, PA
19006, which has fornmulated a resin that neets the characteristics set
forth in Wwhioggeer agr aph and has given it the designati enru§iR2is4a1 And TR84.
A suitable base 5 material is a non-woven pol yurethane and nyl on synthetic
| eat her, such asing.ABwhaésins arcaealilly dbnenlftedamnCkisthésn oritdre andcae Sailghle 489 Fifth
Ave., 31st Floor, New York, NY 10017.Qher suitable materials include
woven or non wiboreforakaplealisico Indybifies, Iegl Y¥¥Riedesr Rb] Heattugieeyallzgr yl i c,
cellulosic, and simlar materials. The guard plates and the aperture pl ates
are very thin BAdOEE, ehiskhstfanttitedlDresii @abedtOihE eBdraderatipassgforiaid on force
equi valent to that exerted by a cutting force of the |level and type for

whi ch the fabrhis puSgiaph Rl 16 eerdil thef REigwlfibATRAL. Asd URS4. JReEabletbaftas been
known that, if polynmer resin plates are printed directly onto a base

material, theymiend id ohiabaes Hg@@%!hﬁnéfﬁﬁeﬁykﬂ@yr@ﬁeﬁweat@r%@iaect to shear or

abrasi on forces during use. wever, it has been unexpectedly discovered 15

according to tAhfa@NMeNiHIORh Mirino Amdich aufy, 480 Fﬁ&%@ec@lﬂmoﬁm\l%ﬁv' al is laid
on the base material before est abl i shing t he pl ate | ayer array, the

bondi ng bet weefbrkhey 1D Bt Sitl-AYBELIR RhtdiRg iRARE WERES dh Wovel TEt@Ad Y
i nproved. For exanpl e, a connecting material is arranged atop a base

material . A plgig bAY&ter Polyhandid, a &iﬁ@@éﬂuﬁﬁﬁ%@éﬂﬁﬁe@%a%aﬁ tenplate of the

plate |ayer array atop the connectinhg 20 material and printing the plate

ayer array with auilahe:PoloWE Ly &Rihics Heverp Bl MRIorh ShkiinGO P! et el y

penetrates through t nectlng and continues to penetrate

through a Rur fcﬁgs%n @cpl.regllsiloar})eﬁétratugg f&ﬁé&p{@l}e&g tF ﬁlat ex-gpcgd vtd &%ﬁ]@é ]‘tog:g Fﬁ;e rial

t hus becones an i ntegra art

i nter conngct | of) RELYEE L ﬁ& whitdi i AHA is Pch?etﬁd gid fsmm@ﬂ (Y add¥nddre

connectin

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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25 material as an integral part of the plates and of the plate |ayer array,
any force 19 28 March 2005 WO 02/ 10667 PCT/ USOL/ 21541 e2&Maech 2005 he
fabric surface that would tend to debond an individual plate is dissipated
by the connection of the individual plates to each other through the
connect i ngwoat/grssal . A connecting material may be any pecousmamdifl exible
material, which 5 nmay also be characterized as a web. The connecting

mat eri al may beeasyorstie rbriemiratd thht wouldtewhioalbdddenphditidudiplatris al may be
integrally bonded. A suitable connecting material is any typical

comerci al ly adsdfigatdilbe tpadoyesti@f ofchd ihfiiidual Des 16 oavh@tet goughtier i al spreads
any force, including an abrasive force, applied to the surface of the
fabric betweencongicihperierig. pl ates. The | ateral connection afforded 10 by
the connecting material reduces the debonding stress borne by each

i ndividual plate. ATO@nEdHAR GNPl PbrohSard TREBE thabridlivhi@Pi | ity to
provide an interconnection between plates in a |ayer, and for its ability

to enhance 4 heyapiisenthira@bridcnges PRRY e tyReRinkheRlphes vl shlie base

material. Because the plates are forned onto and through the connecting

material, the QLESRNEEwRIch e PRRORGEHN ok Der éﬁﬁl-ﬂon@&ﬁﬁéﬂﬁa@@dEd benefit of

re-enforcing each plate with a continuous fiber ™ networ When a connecti ng

meterial s usedndRgehbRia ) hioR SEnBLAN Blatalib fo LARGASdomRNSL r at es

enhanced puncture and cut resistance. Fabrits acco ng to the present

enhanc _ ! ! The present
i ngi ng_ uporc T PABeT e s eaReEr L BURALYLE AR SRR DB 12 Taor i C
f d at I t Il L - ' j
e e R N T s A
I I t A lLift I f he fabri
o anl e Aoy A Rb AN BESRLREL SRORRA Sed Pl Bl 02, 200 €

surface or to n rou an aperture en op fabric

plate. The connecting 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

20



| ayer. Maintaining a mninmal gap size between plates, a mninmal open area
in 25 superinposed |ayers, and a m ninal vertical distanggMetveas | ayers
of the fabric 20 28 March 2005 enhances penetration resistance agai nst even
| ow angl e penetration. Figure 32 .depicts a needle of the type used for
medi cal applications being stopped by one enbodinment of the fabric after
only a slight penetration between the netal plates of the fabric. The

m ni mal gap size depends upon the material used for the guard plate and
the thickness oPhinees pogiraiopresisen@ageinstieven lowhmglg ppnetintion. Bipattl3d not be
smaller than the guard plate thickness to maintain flexibility. The

t hi ckness of gukPigts agiedicef thetpprused fmeditAApplitadbemgsoppddywaer s and
0.025 0.127mm for netal. The vertical distance between layers should be
“bel ow a coupl énbpdiment afhelfduic nfitroalyarstigh pertetrhiiontetvwaegthe meaNEhEAf on whi | e
still maintaining adequate adhesive bonding strength between | ayers. The
vari ous char acthefhlyic cs of the fabric of the invention nust be hi bal ance
with each other to ensure the desired global flexibility of the fabric.

_Anot her approach t oTlmohininvil gap siesdepénds | ih@ﬁia&ﬁﬁ%&lfbﬁ&é?u&ﬂ@ﬁ]gie“ﬁ one
| ayer of penetration resistant plates. This approach has tThe advant age of

potentially grmaitheﬂﬂcﬂthﬁhﬁftﬁég)ﬁk@lﬁtﬁ.ﬁﬁ’en&@ﬂyﬁﬁé@bisﬁ%ﬁéﬂdhow&l uring than

the nulti-layer approach. The absence of nultiple layers of plates |eaves

a hi.gher percﬁmtﬂ@%uﬁﬁm&mmﬂrﬁaiﬁﬁiﬂm&ibﬂ% Stl‘liji{:lﬁxeggﬂ hari 2y €1

approach. However, when the gap size is narro I'Cle y in relation
to the typi calplpeodaged figin 920t LY 02B0gHh MRS shagmidicant |evel of
PR B LS

penetration resistance nay be expected even-a ap ations. Figure

quard prate. rere s tayeror ol ocary St SRS AR E 2 Bonded 1o
a 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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substrate through a fl exi ble adhesive. The substrate can be abase materi al
or a- conbination of a connecting. fabric and a base nat g8 iMarch ZheS :
advant age of using 21 28 March 2005 netal as guardplate nmaterial is that
the plates can be extrenely thin while still providing a high |evel of
penetration resistance. For exanple, upon static |oading, 0.051mmthick 304
stai nl ess steel sheet is puncture proof against a 21 gauge nedical needle
because the needle fails before the netal does. This allows the gaps

bet ween guar dp! dibefes puriiflard R BT 0Wafho Plafls SHTT ML) bin SRRLAT ©1 O

overall fabric flexibility . Thetlpo gauge dle is cut

at an angl e of évidiggs 1341 df 2, Thi s t hat for
every 0.051mm the ﬁg‘gd%ﬁ pene?enate m%M i gxa%%ﬂl %ﬁ’é‘lgbn of its
Cross section w dgngs ym 0. %?g@ lcal needl.e hits
directly at a 0.0 51mm wi ecg%p gure1 E%EWBWE trate

0. 102nm when i g&wﬁ t To advance
further, the née %i e neeﬁs to el iee?’l %@?mﬁ%m@ﬁﬁ% met al

pl ates or (||)ﬂ§ Hebw %@W rnea herw_ s it wll be
jamred by the nmeta guaé% at’es tﬁeﬁ)g PaP%ﬁmgt es “ﬂﬁ‘ﬁ'lnd I ncur
substantial regigh qlﬁﬂ jrate |s designed to strongly resi st
stretching, and a st ong a esive used to bond nmetal to the substrate,

a high level of pe rat t an be, ex ect ed r, the one- | ayer

fabric. The subst rgﬁgﬂgrdggl éé&%‘fmﬁﬁﬁg égfimaﬁﬁ ntain the

overal | |ntegr teral nS|0ns nd it provides
éﬂo H kneg@lﬁlr?e@ﬁ Iﬁfﬁ‘u T e‘feﬁéur %H‘E’“t heﬁ?ﬁs@?ﬂd@ will

t he cushi on
encount er Si t. S|sta ce before it penetrates the entire fabrlc
. qu£aﬁ@£ nto 41 the 5hn <310fQE mn&;sed%nlvgdam by

0.025mm. Ifa21 gauge medical needle hits directly ata 0.05lmm  wide
gap (Figure 32), the tip will penetrate - 0. 102mm when it encounters the
ahmsofWW)nmﬁﬂgumdphks.Tbadwnweﬁnﬂwnthenmaﬂen&ﬁbﬁidﬂu:ﬁ)
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
 d&ﬁmﬂhDmnx@huamxmmmimM;amiaﬂmmgwﬁwﬁwﬁswwd&ﬂkmdnxmﬂ
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
ﬁa&mﬂﬁ*nasdhﬂibnuohmmnﬂuuﬂxnmn&evdﬂenanmﬁwdgdﬁcmn
mﬁﬂmmehﬁmeﬂpﬂmmaks&wemmeﬁmﬁa
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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A two-step process of |am nation (bonding) and etching is used to nmake a
one-layer fabric with nmetal guardplates. A netal sheet (28 Mardh ZBS -
0.127mm thick stainless steel) is bonded to a flexible substrate (such as
chiffon fabric and synthetic | eather Arara) with a fl exi bl e bondi ng agent
(e.g. polwar¥ttaeine). Photo resist filns are applied onrDU$PIRISAEs and t he
netal is etched to | eave di sconnected guardplates. 22 28 March 2005 WD

02/ 10667 PCTI U386 tfcRihg4chndlibgy @t chitnbihe eghsizd wiglypredsiowdown iolthe he gap si ze

wi th precision down to the thickness of the netal sheet. This produces the
conbi nat i on ofthiekicsasfehemestal shog. Thipurodipésathe sonmbihdtion of sxiremelycwomgaps. One
hundred percent plate coverage is not as inportant for cut resistance 5 as

for puncture reasiphesedh vEGmagoedhpsr esi stance fabric it is inportant that
the plates be nade of a cut resistant material. Metal, ceramc, and

pol ymer resins re- oaphafidedhadehiplitt fakake BmolRf itdpofiar foreliassiaimee exanpl es of
good cut-resistant substances for the plates of this inventive cut

resistant fsabrgk gor ﬁ&&%&@s@ta@c@%y it resisBmc® flbfic & i nﬂaﬁ&hah&abtaeeur abl e
epoxy resin, which can be fornulated, to neet the needs of various

fabric appli C%Te!nﬁtﬂéof@&ut%és%ksﬁ@mbt&%%&hﬁ%rmﬂ&c éﬂaﬁfﬁﬁr%sﬁé\&er Rd.
Hunt i ngdon Val |l ey, PA 19006 (as previ ousl| y state desi gnat ed by F| el co as

TR21) or a mateﬁfordceli|v}1@1qnﬂéramr@ﬁ'etfﬁ¥)artlbll34 £6 LRI% PYbddout-fddkhn@s Devcon
Plastic Steel(r) Putty (A), manufactured by 1 TWDevcon, 30 Endicott St.,

Danvers, A QUiedoesl: b plafes BB VARl Affesib@h bt meaﬁtﬁm@ﬁagmahat there

are no strai ght-line areas of the fabric that are uncovered pl at es.

Therefore. ¢ Nxiyl & oRndSLEROLBAMe BASY O B B G4HA ateé,tmeeteﬂe) pat t er ns

of the plates, (i11) shape of the Sl ze the plates, and (iv)

size of thg 030.ASFVERR EGcBhRALSRns Ay Fidlo 1GERs! L Sfd59bathed daact or s

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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nmust be controlled in the design of a fabric enbodi nent to assure that
there are no 20 straight |ines of exposed, uncovered fabpsgeéjaréth2009 s, no
straight lines of fabric that are uncovered by plates. A hexagon pattern,
for exanple, as seen in the guard plate |ayers of Figure 9, provides a

good exanpkeowimee the ratio of plate to gap size is sabrgtkasiQii!ly |arge.
Flexibility is another inportant attribute for a successful fabric of this

25 invention. fleRibdlityel the bhad@kerbPdiic6nneBi@dsd mibil 8hd SME edthiily dae f| exi bl e.
The 23 28 March 2005 WD 02/ 10667 PCT/ US01/ 21541 ff%xibility of the base

material and GoRN&RIthdSheBleQlzb BtwednRattd M SnUBRRRS ¥ fl8ALilinpdZRe and the
aperture size between plates all contribute to the flexibility of the

fabric. A crithgal CoMEOlonfr@HR: i BebbGa@¥Blitlily Jfu@ihRinlild #m@d ist he
inventive fabric is the integration of layers, 'that is, the position of

the layers 5“9&5&%@90@&3{&?,?& ?rhtg& u';ﬁo%rbqtﬁeh@ze -%%{Emedqﬁ’b%j:ﬁ y, and

substance of the b I ng agent. ed bonding nmust remain

flexible. lgn tdﬁ%r%&ﬁlegnﬁéi% &eilsigy,én Qubﬁgr%egg#bgﬁ&?ﬁ. n, (Iﬁagl#l&gs 5 - 8),

bondi ng the | ayers at e spots rndi cat eves I mum Xibility for

fabri s with tagabhLyst Lol Bl abSyRr [AKSsrMRtkba. Silfisthouand ng

schenes illustrate ur es esive 0 not “connect plates

Logeter |0 10K LS 8l s o B0 AEREH RS UL RSGhF ol 1Y et veen

connecting and/ 6r Pial ayers. Ihi's arrangement
Faperces ann, TR AR elac iR ng ke bR ol ot g om0 Y00

f additional, | i the fabri i t trati
P;egisgtz ;tﬁpg, F}s‘*l e Re e '%&rﬁﬁ%ﬁ%{"'ﬁiﬁ%ﬁf‘?il%fﬁeﬂiwon 3%%:?1%? Elﬁrgﬂ 'gglggcgrs
0 a I TI a A er re re nor e recl se | | .
Lo mai ntaidy mOET G, (i AT IHRCHDSR ST SPLeR LT i | ayer

fabric. Relative notiqgn_.between |a s and plates is decoupled to
base matena(i of El?tterenteiayers. yﬁﬁs arrangenient enhances an maxnglzes

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

4 PR3983 BuHaTAR bO l, bIGEHSR5R ey .

plates in the ase nmateri a increases
fabric flexibility DE LS. 1 i constructed
to prpyidgéa Iiquiahégéﬁf?%ﬁghkﬁmgﬁgﬁgggﬁPg&%gégggui sgﬁgggg@?al, the base
o | Se IS AN s LRIl BN Bl RS Ay oui o0l e
Do et oL P Ve D R e BRe SIBR L e
used,  br eat haSPEy R R EP SRR A RPN PE e TP 1 abric. 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 e |0aI,Po Bric is breathable if the base material is chosen to
be breat habl e.

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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The | ocal (hard) and gl obal (supple) properties of the fabric facilitate
i ncorporation of other desirable features into the fabri 28 Manctaplaisti on to
the penetration resistant features described above. For exanple, polyner
resins for 20 the plates can be chosen to nmaxim ze static friction between

t he fabri ovanghoseyod, steel, fish, glass, or other surfpeggsodlsaii C
friction is particularly inportant in gloves for industrial uses and

outdoor sport riéétﬁ%fiﬂ@%ﬁﬁicgﬁénﬁ%ﬁnﬁga %1#5992[&1 m%?ﬁ%ﬁ%ﬂ%&aatdaﬁa{o@ati ng the

polymer resin plates with a o i cl ent friction material can

further i [ oo ized 25 f

cach speci 11 ¢ aadrPear o AR ng JEHES Sy Bali Fop o R e 1

fricti | 25 ] 66/ : / : ds of th

appl 1 cat) on. Lol KD Beyahs YR NER oo Rt ety "ot i on

grip strength @ﬂ%kﬁ%asiéef’ tacds! &hSed e‘%%%fﬂhéfi\?srefﬁ‘f'}n%h&g of e il é&hat provi des
ai ee vcon provi

good grip for ness s surtaces. es a good resin for

| i zed st egl . f Anot her. . f. f t of th
g Yo 200 S RS o AIS L T B BRI 0 .
P! e, 0 L 5 A0S0 B LT, 20850 SRS, 05 sSERRL 2 POV
b i fabri f this inventi . b i ngl I . .
SRR AT G RN AT

nmop, cloth, pad, .or simlar itemfabricated of such a 10 fabric is suitable
for cleaning rEVEFATREY Pkt QY grenesablishsd op bay maipciab ViR coasei®e  may al so
serve for wet or d sandj ng. Again, the abrasion characteristics of the

pl ates and t h&¥qrigkQussley- ¢ gg’?’e= “igPé” B‘ﬁ@el’%?féf‘q’li?r itgip fphgicated OeRCR e fabric can
be separately optimzed according to the use characteristics. desired in
the final 10pr ddheds sutphle fp glspunprelatiyely hag syfasess iSyrh i ghrasvafiihase materi al
has been found 15 to be of particular inmportance for design of a fabric
used for abr agqay@lsgm@égr_e orglry sanding. Again, the abrasion characterisfics 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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t he abrasive fabric noves across the surface to be abraded, the individual
plates are allowed to conpress into the base material apsMsbsrziop conform
to the deviations in the abraded surface. Wthout this conpressibility
feature, the abrading fabric would not be as efficacious inits ability to
snmoot hly npgeyower 20 the abraded surface and perform f paghi@@aihet her it
be cl eaning or sanding. DETAILED DESCRI PTION OF THE FABRI C STRUCTURE The

fol I ow ng det ajch@iledl@abddiméntOr (B inbdh@yStabis; howevedfwillae redBy giphesd ments  of
the penetration resistant fabric of this invention enables any person

skilled in thg iRkl diRdTRER aAMcduSEns iRigidd e iel PR ANV BBSarE Or th the best
nodes contenpl ated 25 by the inventor for carrying out the invention.
Various nodi fifahddQR ehikrifidiededGiptidn.Mar ch 2005 WO 02/ 10667 PCT/ USA /21541
descri bed enbodi nrents of the inventive fabric, however, will be readily

apparent to those@&isldi&fbsﬁa,s érﬁb%_dﬁﬁéms%?ﬁétt&%ctapésom'iﬁl%%ﬁ:fegéggis%{ he present

invention are defined int written description. osure,

enbodi ment s of - fabri r i t he designation
SF11, SF12,55 SI%%‘?EQI n%%glo@ f1 grst%ﬁﬁ‘(fgﬁg’e%ggo gosﬁl ffge#%rgeeén%ggyeﬁlcegur es 1 through 4

illustrate a thr eeF@yegrl tﬁ@%ﬂ&@%@%ﬁ%ﬁ@}%lsjl@gé%%m?é]ﬁ]ggﬁﬁqu ng the

i nventive features the sent 1nve rgures’ 1 - 3,

[ dent i cal . or gLl M ANASCLONRTA LAY S 2RI ARACL LLAMEAEH 1Ot her and

oriented in aT Tirs ayer a connecting erial 15. Al
plate Layer 18 e EnifR bl T Eb el T2 Belu o FRAT e BT ng maer
Lo minim ze r QHPLet B oA R mie o AT AR A SRR Y b T st and
ol ot st R m R E e Lt s acPrg vl Bl T 11

identical to layer 14, also with a connecting material 15. 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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15 general |y square-shaped apertures 22 with rounded corners. Figures 4A
and 4B are cross-sectional views of the SF11 fabric of P8#areh 2005 3, taken
along the lines A and Bin Figures 1 and 3, respectively, show ng the
first and second guard plate 12 layers 14 and 18 and the position of

bondi ng spwos2/ést or bonding the layers 14 and 18 to eaefusdihedss and the
third layer 24 of aperture plates 26 wth the position 20 of bondi ng spots

29 for bondi ngddnayethest4odabonsaytbér tAd-betliRen WRY idi€ Blates BBS togailteavween | ayers
14 and 18 shown in Figure 4A differs fromthat shown in Figure 4B for

illustration paspas®s only. Note that the bonding spots 27 and 29,
respectively, are positioned so that they are not directly in a vertical

line with each ot hafigud NisusnRM OGS R %ﬂa&iﬁl){tegffgefshﬁ, f5aB¥eGid

Furthernore, the bonding spots are at 1ocations where t he exposed

connect i ng mat @l ayaf24t iR HANAEG k- SMALS2OUR A cﬁ!@g%%iﬁs?? 28 March
5005 VIO 03/ 106000 Slayh 24 ol abireglAber Wl » Sllmett Wil 15, T han

1 ustrat oo { haian e RSNt RPN Oy Rkl S B Riet ,
Figur s 4A and a8 S oh batp SR pER pe Al BoR AR I ARG | 25 g
and 18 S0 1 hat'Fenge DAReS orety PP hEORE BB Rl oA ARGl ARt O Ll ot o
st rate tncinstop kot Bl 2580 an aE08 apbpsiibingsihiine ayer 20
D and 3, t he giora” f b SeiSnd i B Sty b rR o e P RIRGr e ol aos
ggsgat: ZY?{? tzﬁlgt &%Q%P%F%eﬁe&qg’ tE?((]FF,d@E) pl%t%‘g{i %ﬁ%é‘peﬁsog Fg‘ﬁgﬁa’%&%ondi ng spots

27 for bondi ng.t1e 15k oL D RIEhE LUSHe Ll BBSRS B3 o Pl ate aver

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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The SF11 fabric can be manufactured by attaching a chiffon fabric to a 15
metal frame. A stencil with a pattern in the formof an 2gmMayctof0Qd at es
(such as hexagons) is then placed over the chiffon. The chiffon is backed
with a release filmand printed with a polyner resin (such as can be

fornmul ated by Fielco or Devcon as described in nore detail in this :
specification) through the stencil to formguard plates or aperture plates
on the chiffon. The resin usually penetrates 20 through the chiffon to

mechani cal | YminRfbe b Gitdp %%E?A“%‘e(ﬂmm%"f 111194@19 E pri n.t ed esin is then
er e,

cured (by heat, roomte $ght as may
be required an he reI ease fI|mIS r enoved
to forma pels%?gm?aye% %ﬁ&@ﬁkﬂ)ﬁﬁe@%‘f es cantaig Tegisttation. o ¢ oget her
dependin t ed the a Ilcatlon for which
thg fabrigc Fig&tﬂgdrgﬁopg@?@gﬁﬁgi@ag %%E@“E%ﬁ'ﬁs’ﬁ cgble.gyity he | ayers

to each oth e the inter- e spacing
(that is to m' ni m ze e nuig%gﬁcgﬁg]ag @P“@}ttt‘éﬂﬁ‘? ?‘ifF'ough t he

-.

Dropert y: of ey hRkEhHat UFolfR eﬂ@‘%‘&a}r B el s e bl 6, w1

one. oki 11 eq it affle E et Sl merhiriiing et o ot i ts
descri bed i e . n exa nalternatefor

manuf act ur i ﬁ)gk’a]iafg}?egﬁ m&‘q@&mﬁéﬁ?ﬂﬁ@w&@é Beetof ni ng t he
pl ates rat h

|1 hod. Ln this nmethod a sheet of
connecting rranPer | gﬁ@dﬁ%@%&?&l@#&%@é&mﬁﬂ}w@m and the

connecting

. 3 en attac top of a release filmThe ultra
vi ol et cura% tﬁwqﬁ?ﬁghtqp§faﬁg gﬂ’éﬂ“ﬁ’ﬁ@‘aﬂ’l ugblggesgtis themisconnect i ng

mat eri al . HF%} ed[amsef mis placed on top of the resin and the resin
i s spread to Ot Fapjeside o fPrecinganatgish doethetreleateditings placsdoadded in it.
The filmt SSISqt i call n the 0.127 - 0.254mm range and can be
control |l ed % %@ﬂ%@%ﬁ@%ﬁ%wﬂhmwgmﬂbad t he

resin. 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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A photo mask is then placed on top of the rel ease and the whol e assenbly is
secured together using clips. The resin not blocked by pé&lamtsR005 t hen
cured under an ultra violet |anp. The uncured part of the resin is then
washed away using an organic solvent, such as alcohol. After shying, a

pl ate | ayef? ¥4t ai ned. The photo mask process has t hBCHEPARI4be of

-better resolution ¢contraol of the gap.siz et n_parts S npared to
conventional scr eeﬁ%@?%ﬁ%ﬂ@% Q%Emg%ﬁﬁlﬁe V\ﬁﬁta&%ﬁ%ﬁﬁfﬁfﬁgg’,(’ft he wultra
viol et curable resin may be pre-mxed with glass fibers. After the washing
process, somne R BIsSnFipEHian. nhRe SFL fdabrc ispormEsedab thsseme Bets Abindhat es. An
additional etching step is used to etch away these glass fibers. The
pl at es rei nf orEdHTaRrie h0.guhths laygss aresppaingopivgr aprriaBeengdiéeefe and cut
resistant. 29 28 March 2005 WD 02/10667 PCT/USO01/ 21541 Figures 5 - 8
illustrate a PEBRECECBRfSHCeRRTIEE 5, ddostical gapiformrshapeg sugd plaes 1dfare he present
invention. The SF12 fabric is conprised of the sane |ayers as in the SF11
fabric 10, butspachéirpayreshsother and erpraiadrips el cuppbpiatsteyenhbviler in a di fferent
arrangenent. As seen in Figure 5, identical cruciformshaped guard plates
12 are 5 spacegufepiyng maietel df omainiaih the drepytod gudrdiplates 2. sAll fovapungpibat e | ayer
14 with a connecting material 15 to maintain the array of guard plates 12.
Al'l four ar ns ofde cofcifpivegwrdiplitd? medbasathep Aateeon Zuand plathleysdfés A second
guard plate layer 18 is identical to layer 14, also with a connecting
mat eri al 15 t adenti¢ahtelayertlhaalgumthch cophating ddtedalrldyo miinein the ghagers 14 and 18
are superinposed and oriented to each 10 other to mnim ze registration of
i nter-pl ate spht Rgrag. Tat twedayehiet &ndn 8 tard sap@impbded aaddrithied toleaehd or t op
| ayer 18. Interposed between | ayers 14 and 18 is a second |ayer 24 of
circul ar dper btheetophiaingge REistation ofiintaphecipatigs NEbewéalthdfrstlayeraitnt ai n  t he
aperture plate 26 array. As seen in Figure 5 and 7, the guard plate arrays
12 of | ayer s addkhardrdld taridydr 8. Byepdsed BotwbalisrsA@ 08 18 ayesecodd t oget her

cover the entire
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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15 fabric 30. Figures 8A and 8B are cross-sectional views of the SF12
fabric of Figures 5 - 7, showing the first and second ggeamshred 2005 | ayer s
14 and 18 and the aperture plate 26 |ayer 24, with each | ayer having a
connecting material 15 to maintain the guard plate |ayers 18 and 14 and

t he apertuV@9%1%¢% | ayer 24. Seen in Figure 813, 20 ar ePERESHEAYENg spots
27 for bonding |layers 14 and 24 to each other, and the bonding spots 29
for bondi ng | ahepaitemvandinfertidate spacing lof e plstes 1Fpnli2eofdhayasiouslapms 14,t he

| ocation and patterni ng of bonding spots 29. Figures 1 through 8,
particularly t%m%ﬁﬁemqﬂmmdﬁ}ﬁ@iﬂQOBﬂleﬁlgmtémrmﬁqﬁalhﬁnrﬂmi‘aﬁd 8B show
the connecting material 15 onto which each of the layers 14, 25 18, and 24
of plates 12 dhelfe@ationeofgrerangedf catinkyarddns td2yt wilkterfindlier ¢%laieidnt ai ns 30 28
March 2005 WD 02/ 10667 PCT/ US01/ 21541 the pattern and inter-plate spacing
of the pl at es régarding {l@Gnatifodtolimamebstons | ayers 14, 18, and 24. The
structure and function of the connecting material 15 in relation to the
formati on & the afliguyesfanda0 lukizates fabdc 40 Bnbaide? ddstititled BeSH14( t her
expl ai ned regarding the nethod of manufacture. 5 Figures 9 and 10
illustrate a fefioidgingBoehfanicenihe pregdninviiting. As s&hidFigardm dichi@l novel
features of the present invention. As seen in Figure 9, identical

equi | at eral hexaiineal hesfpppsidheita paarpbhice 92 42 spiced Spacach sth@meach ot her and
oriented in a first guard plate layer 44 with a connecting material 15. A

second | ayer oifnied irtd 58t @Rrdlitalayal4divldand doaadeting baledblarsala fKexagonal - shaped
guard plates and 10 is also affixed to connecting material 15. The

connect i ng matlgyer ab iskoBiahpdMentibtd 8qiRickS hokaghshl kiped pihdplsiesRRACI Ngs of
the plates 42 of each of the |ayers 41 and 46. The two |ayers 44 and 46

are super i 1pOoSealsixQl to@BiRetideQn ARG 1 9t TR cohectifg RbtdHiA sHe@ishy at i on of
inter-plate spacing 48 between the first and third | ayers
+ 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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44 and 46. As seen in Figure 9, in this orientation, the inter-plate
spacing 48 form 15 a non-interconnecting network of six-psiMurgd2cdmr - shaped
apertures 50. Interposed between the layers 44 and 46 is a |ayer of base
material 47, with a connecting material 15 overlaying both surfaces 49 of
the base M eY¥Io8§7 47. Fi gures 10A and I OB are cross- sBEKVYHaI4Yi ews of
Figure 9, taken alqgng the lines A and respectively. As seen in Figure
9, the guard [PragssEonyitythe Isgﬁérf%bﬂ&a@xﬁ% thebthg Gassanaieripl is Givsb pltached tent i r e
fabric 10, but | eave uncovered the non-interconnecting network of

si x- poi nt ed stthy metabivser apsbihe canasctvg matial igpad etop of B0 bargsnatasial. suf fi ci ent | y
small to insure optimumguard plate coverage and the |ayers nust be

regi st ered to Theirgsiniop the phites dpaneilgdeonbpths coreposivtaniiihaenusating fuatehial SF 15
fabric and ot her enbodi ments of fabric of this 25 invention having a base
mat eri al are radéecbeiamaittnd Phoess pemtratdetic colpedingmaBtiaPddtachis @005 WO
02/ 10667 PCT/USO /21541 connection with the SF 11 fabric, except that the
base mat er Pal thebaé meteristupac hetigt The sdnme pedesd cafl bervpeagichnt theoppositeect i ng
material is laid on top of the base material. The resin for the plates is
stenci | ed ont cidehéthebaposittral ofmileenchanepddinyplaatagei al and t he base
material. The resin penetrates the connecting material and attaches to 5
the base material HiporesdbedP adpien sah@oRrsoaRas viaR, RepcewrBabed on the
opposite side of the base naterial to make anot her opposing plate |ayer.

Figures 11 andmndtBerairbofin@nt @ik invedtise £i66¢ DO ST 6, @b thrdegddngedli vel y, of
anot her enbodi nent of the inventive fabric*90, SF16, having three identical

superi nposed guidichppbed!gRarddldtey b gerd4d, 46 Gnd 300y 1k arvhiss Sholbshdad SO spot
bonded 10 together. As seen in Figure 11, identical equilateral

hexagonal 18hapg@ingtl ahssecePindtiffe 44, i@hfics B@ﬁﬁﬁrﬂl hAESRLhapéd@iar@@nd ori ent ed
ina first guard plate layer 44 wth a connecting material 15. A second
guard plate | ayds 44Grd haded Bk &AM othér dn@¥AEnted 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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44, also with a connecting material 15. A third guard plate layer 92 is
identical to layers 44 and 46, also with a connecting n2g graréd 2005. The
connecting material 15 15 maintains the pattern and inter-plate spacing of
the plates_42 of each of the layers 44, 46, and 92. The two | ayers 44 and
46 are supBPi'%¥€%d and oriented to each other to mi ni REFESHEH4Et rati on of
inter-plate sp&%iygtg 48 between the first and second |ayers 44 and 46. As

seen in Figure hokbepding snogs floss ned gorresprendt the patiras of thasgrard Mlge 48 form a
non-interconnecti ng network of six-pointed star-shaped 20 apertures 50. The
guard plates 438y Fhecfaby lpvery agg bonded togetherde ménimige verticalaligumaent of pl at es 42
of layers 44 and 46 provide conplete coverage of fabric 90. Figures 12A
and 12B are crbdingepqts msuscessivedryentolthestack oblgyast. Biegusidentel, showi ng t he
three | ayers 44, 46, and 92 of guard plates and the three connecting

mat eri al s 15. OocPgRRcesl spmehaefinDspets viedicalighabord dach plbsiin tlerdififretiondi ng spot s
in the SF16 fabric. 25 The bondi ng positions are not conmensurate with the
guard pl at & arlexgys teibsde sonsewhaDred@:eNbe fobri QTG HiND Howaee6aENBEE: bUSHAl 21541
the pattern of bonding spots does not correspond to the patterns of the
guard pl ate drandipg coprmsdtetfon thislimydmntl eocerrénoa dtebriicabslignatenttod M ni m ze
vertical alignment of bonding spots in successive |layers of the stack of

| ayers. The i nigindiwgspdts hoopghauemobiptflagere bondi ng spots vertically above
each other in the different 5 |ayers tends to somewhat reduce the fabric
flexibility. HowevéiguresdBnds ilhssatow &bat K0 chbrithag, icomaeasagray, for this

i ncidental occurrence of vertical alignnment of bonding spots throughout
mul ti pl e | ayersnboByiggin@s! fdures dbthid iheestismat & iBushaka icrigfr-anbad pent |
identified as SF17, enbodying novel features of this invention. As

i1 lustratet i fayer GUofthd Bibrit R phitéralof gukd plaess Bk a8f edullBtefafbMxheon S @ pattern
of guard plates 64 that are equil ateral hexagon shapes, with three
al ternat e conchyes,Gitivi@e SRIRIIScontNeRANE LREQNT TIUdGadehidfulRl 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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64 together forma circul ar-shaped aperture to provide for a

circul ar-shaped guard plate 66. Note that the overall pzd#mrdn doas an equal
nunber of each guard plates 64 and 66 spaced from each other and oriented
inafirst guard plate layer 62 with 15 a connecting material 15. Figure
14 iIIustr"&g&%’mﬁﬁe second | ayer 44, identical to the guBFHUSWALM! | ayer 44,
shown in Figure 9, superinposed on the |layer 62. Layer 44 has identical
equi | ateral heBdefepraivelyh ipernosyd hetereen the lagcra 4 ansiddeia bassmasiiehtTat her and
oriented in a quard plate |ayer 44 with a connecting material 15, as seen
in the cross 20 eshiag malegaksl Sofvertyingrboth spgiacea nfithe bmie n¥iiasial 4lo 24 ayers 44
and 62 are superinposed and the guard plates -42, 64, and 66 are oriented
to each ot her sepinfiguresil2d anddpBt Aatsden in Fifure hd.ghe pland glatspdd; bAgné8 bet ween
the first and second |ayers 44 and 62. In the orientation show in Figure
14, the i nt er -G8lodiagyers gdenché? &8ndt oover the entm fibnit 60,denavse bf thgnaret wor k  of
circularly curved arns. Figures 15A and 15B are 25 cross-sectional views of
the SF17 f dbr iinte®@Onpitifs mpiwek bAcurtalloan imtrgige bjacieg 68 Hikds B3n 28 March 2005
WO 02/ 10667 PCT/ USOI /21541 B, respectively. Interposed between the |ayers
44 and 46 is dlelrasipedthbidt isabsido contvol ihe positivaned mirigisehedizeadf 15 overl ayi ng
both surfaces of the base material 47, as seen in Figures 15A and 15B. As

seen in Fi gur epdtrestitéhe@Far diypd falireshahdin tHedF1a6le 00 ThHeRReS, $hed4 and 62 do
not cover the entire fabric 60, because of the non 5 interconnecting

net wor k of curtiweshoRirofpinninae r@lstkee HPBEI Mg geRer thin HaSFbEen determ ned that
it is easier to control the position and mnimze the size of apertures in

the SF17 style fabFigareshabnd 17 filbgraffalbid whembedfdess, idbheiahoReis, t he
threshol d of puncture resistance for SF17 is greater than for SF15. Figures

16 and 17 10l | usibbfik mvEbBitines 420 8WBAdh "BE toen BB bIMceMaps 18748, 10
enbodyi ng novel features of the invention. As seen in Figure 16, a |ayer
122 of 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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~an array of equilateral hexagons 124 interposed with an equal nunber of
squares 126 constitute the guard plates 124 and 126. Thegqupéogsat es 124
and 126 are spaced fromeach other and oriented in a second guard plate

| ayer 122 with a connecting material 15. A first guard plate |layer 128 is
i dentical wook/eger 122, also 15 with a connecting mat er ipat/vddaiskhe
connecting material 15 maintains the pattern and inter-plate spacing of

t he pl ates 1241%nehdlIZB ¢ cresesaciifnal whevslofifFizus: 162 2ikangonglif8linckAeanivo | ayer s
122 and 128 superinpose and orient to each other to mnimze registration
of inter-pl at eBapgetitivglyl 30 between the first and second |ayers 128 and
122. As seen in Figure 16, the guard plates 124 and 126 of |ayers 20 122

and 128 do not covdigirkel SeiidilD arefdirah€ crb2Osectldi@l Vibk € respbotively, wpaci ng 130
form a non-interconnecting network of square apertures 131. The apertures

131 nust be sabfteEémRidinters BRIk iﬁv@ntﬁ@%ﬁ@7€?,m}i22}%ﬂvﬁi%@fr§i aRi at:g coverage of
- the fabric. Interposed between the layers 122 and 128 is a base materi al

47, with a s cofpaehpdied, 3@ eré@ﬂa%ejf@i%@%@f’%déﬁi 9lcbasmid AGesd0f the base
material 47. Figures 34 28 March 2005 WO 02/ 10667 PCT/ US01/ 21541 17A and

17B are cr 0ss-pRafchRBMyer T2 G hurEhadl 1. 16 scb ARt 98 9adrt&s | i nes A and B,
respectively. Figures 18 and 59 are plan and cross-sectional views,

respectively, Qfs1 o i [ i ' 0, SF22,
aving 111 st an B R P B et P nd 6o guar

plates 42 and &3R8 48 first BlEd %héﬁg’i‘{4ﬂ°§iﬁaag§ﬁf§f&f°g%§%ﬁwae°°%ﬁ{g@§t 74. As seen

in Figure 18, identical equiTate ped guar es 42 are

spaced from earﬁgel‘i)c’fl Iil?f AdRy lagérii§ ﬂtg'la erf46,r v}@cﬂ%’\%{%tﬁ%ﬁ% %#r%}ier 44 W th

an interconnection of a connection ‘“nmateri al er is guard

R R e
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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to those shown in Figure 9 above. The connecting nmaterial 15 maintains the
pattern and inter-plate spacing of the plates 42 of eachzgfatdrezdogmyers 44
and 46. The two | ayers 44 and 46 are superinposed and oriented to each
other to mnimze registration of inter-plate spacing 48 between the first
and third wvaysmeei44 and 46. 15 As seen in Figure 9, inPChzsiiondsent ati on

- the inter-plate spacing 48 forma non interconnecting network of

si X- poi nt ed staperwhalats 74 pertot subjccE0 detfending e8est&Nasahe) whilbbedf they
cross-sectional views of the SF22 fabric of Figure 18. Interposed between
the | ayers 44 vagrelsdfice plates.e®fithion wiheu tesolAtiad@att R, thaseeoddayesicet s of
base material 47, with a single connecting material 15. The connecti ng

materi al 20 15fichtiddropamae biited 74 aeeftthlishefain o/Rrshdhediof Bask ahteage Ther e pl at es
74, each of which overlies an aperture 50. As seen in Figure 18, the guard

plates 42 of |Ry&EShédtofbille maRridRghhteeRBE6AY R 1Al Bendite Qkird ayer 72
together cover the entire fabric 70. Alternatively, a fabric of this

i nventive m%gmismmédmhaa@meggsw t hout the connecting naterial for
the second layer 72 of circular aperture plates 25 74. The second | ayer 72

may onit the connegidungs 2WRHE LA anlRd cREEHEEE PRwS RespietiVBy 22005 VO
02/ 10667 PCT/ USQOL/ 21541 aperture plates 74 are not SubjeCt to debonding

stresses, as tfi@NereRubankA: difhdibMNtiveih SULESE&iRhRY §§SF2\4Yﬂabmgr wi t hout
the connecting material, the second layer 72 of circular aperfure plates

74 are establ ighegdd Qﬁrd%ufytj}rﬁ@osﬁfﬁ@ége{%ﬁ 1;%31;:4'4%& Qb tahd;m&es £8;g9d sheet of

base material 1s then pressed onto the 72 an entire assenbl y

i dtot | ‘Asteerfih 7 '
o 0se sect | oLl HERCEERIEANL pl B0, AstioR BN, BRhcat |

cross-sectional vi ews, ctive

nventi ve 10 a0 2L sndesh Akt R4 BN 1 S Rpd N1

superi nposed, an tes and a second

intervening | yghied i £frsPRBH MU 1BLAHSTith LoonhSoriRg Fheekifh 15! THE Bird0: 1 denti cal

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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10 equil ateral hexagonal - shaped guard plates 42 are spaced from each ot her
and oriented in a first guard plate |ayer 44 with a conpg®idr&g2o0g eri al
15. The third I|ayer 46, conposed of guard plates 42 is identical to |ayer
44, also with a connecting material 15. The connecting material 15

mai nt ai nswahe/ipart ern and inter-plate spacing of the pgicatEe1234iof each of
the |l ayers 44 and 46. The two layers 15 44 and 46 are superi nposed and
oriented to eplebe whérethe plotermunduzel, oggitht oreilomrat 1f hapletes 4 bave spaci ng 48
bet ween | ayers 44 and 46. As seen in Figure 9, inthis orientation, the

i nter-plate speatdicagfidl@ cued befarereing iprased don tledisaxgatored e dofif  si x- poi nted
st ar-shaped apertures 50. The first |layer and the second | ayers 44 and 46,
bot h conposedagémbidnthes alredjasaedqhirpd. allesedbdimeht bhae Sabaomdth platesr veni ng | ayer
72 of 20 aperture plates 74 are oriented and spaced identically to those
shown in Fi gue@bdddled irftd G bee ndifabis df RdiRed flexibilios SEeeedhnapabf vi ews of the
SF24 fabric of Figure 20. Interposed between the layers 44 and 46 is a

base materjal efi¥eddhipgilites dtbAasMErial wheid mayierusé2fopfurfipeplbtes,e pl ates 74
enbedded into one surface of the base material 47. The plates 74 are

arranged in apafbii@dty RAerk BRiAAS BeiBilif ik Alquiddid t hen pressed 25 into the base
material. Pressing of the plates 74 into the base material may take 36 28

March 2005 WO 02/ 1R66ndlfidd MRt 23 SekliiesRhAG ey @pik BecRhAdRE4RRE uUncur ed,
or partly or fully cured. 1f the plates 74 have not been fully cured

before being _Qéeﬁﬁﬁ%%eetz@fxta&?zl@a%egf%?%ia@és,atztaf%pﬁﬁedtaﬁleba@iﬁmm is then

cured as required. s enbodi nent e fabric'wth plates enbedded into

the base mateyy gholeh i cREUGERalbl T Dinkistoprin Flpufo J0cmBRIAGaRE 45 enbedding
plates into base material would not be used for surfacé plates,

barti cul atiby WhRY & ARLAIMIGIRSbARLE blich B4 bENE 78 oGRS b mat o1 2l

15 overlies the surfaces o ase materia , seen in Figures 21A
and 21B. The guardg,plates 42 are applied to the base materi al

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 ‘t hrough the connecting material 15. As seen in Figure 20, the guard

pl ates 42 10 of layers 44 and 46 and the aperture pl ates2§Mansth 2Q0per 72

t oget her cover the entire fabric 70. Figures 22 and 23 are plan views and
Figures 24A, 24B and 24C are cross- sectional views, respectively, of an
enbodi nentw@P2/tde& i nventive fabric 100, SF25, taken al pegusoheissi nes A, B
and C, respectively, of Figure 22. Fabric SF25 has first 15 and third
superi nposed, isteaglyErspabingaiidreisvedd tharfolst46d etogliayets 4 mtlds. 42samdna second
intervening layer 72 of circular aperture plates 74. As seen in Figure 22,

i denti cal equiFigtrefaih thisordentatial, tehaeedlagupidhgdsabesa deh-mteecodpetiagl f r om each
other and oriented in a first guard plate layer 44 with a connecting

material 15. Auetnirk of sik-pyieted dior-sapginpedured S0 Uy iluddhit @sFiddres 32 irdient i cal to
| ayer 44, also with a 20 connecting material 15. The two guard plate 42

| ayers 44 and 2Gthaike biteibitiodihg bDsuatdWIses SN WYetst4h@us &5 tHe agedurel 7, and
20. The aperture plate 74 layer 72 is identical to those shown in Figures

18 and 20. sTheplgeymesiiiveg72@hldiay cover all®d (i AeRSred HE sOalat @5 MbRBd
inter-plate spacing of the guard plates 42 of each of the |ayers 44 and 46

and of the apesa2shicdipdi@ cohdre@lby i ok@UBlion drpladfieintan® 74 alghs 244 25 and 46

are superinposed and oriented to each other to mnimze registration of 37

28 March 2005 03t 4066% PCFAMSEI AKEHd subBirflosRl i iRe BRAUING ohfRabet ween

the first and second |ayers 44 and 46. As Seen in Figuie 9, ‘in this

orientation, gﬂmemt, %&dﬂb@a’h&ﬂ&%ﬁh&%t‘*&nﬁﬁé@%&s fva%ﬂgataggﬁ]gg{eg%tdi ng network

- of six-pointed star-shaped apertures 50. As i1l lustr I gures 22 and

24, the size afighe B9l daoRyag0hyBHARMLRL AR ALl 2hiRus fucifoRRgly 46 and the

aperture 5 plates 74 of layer 72 conpletely cover a e apertures 50,

52 et o g S50 TR ey sV SLeg e B o of Bt
superinposed QR g td BY Elierft? of)f{ab@é@iﬁg. 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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pl ates 42, and showi ng the position of bonding spots 102 for bonding the
guard plate layer 44 to layer 72. Wth reference to Fi giff Mearcd?0524B and
24C, note that 10 the guard plates 42 of l|layer 44 and the guard plates 42
of layer 46 are both oriented to the exterior of fabric SF25. Interposed
bet ween t heobmwes7s 44 and 72 are bondi ng spots 102 andedtnipnsed bet ween
| ayers 72 and 46 are bonding spots 104. Between the layers 44 and 46 is

the third | ayenpefinpdbedcing etibraéd iaRedh dllicd tdhmingise regidiratacli irnér-pité ch overli es
an aperture 50. 15 Figures 25 and 26 are plan and cross-sectional views,

respectively, sphcisy 48fHstvidaR the@RRDAIdFBENd Dyeds e ad@hr i ¢ 110 of this invention.
This enbodinent is also referred to in this disclosure as SF26. Third and

second staggered | ay&pssed Betdsh thdthyak 466 4408 2L nhexaDeNad segniar d pl ates 42
superinpose each other, with a third superinposed |ayer 72 of circular

aperture plat 8ge dfss-s@SioiQ8Aew 6F IEQ‘IE‘EE B a%nd 281 A8 Meh GokicRQW, rahRr al

hexagonal - shaped guard plates 42 are spaced from each other and oriented

| n a second ouakftaRhalie idigifii dhcitled SnCARASRbID BRI bPsix A Lhi T d

guard plate |ayer 46" 1s 1dentica ayer 44, also wth a connecting

material 15. gL d' SR <GHgR %&b&& 90..4¥?'4 Y€ aFer ofbifould SPLEA 1§74 NOSE Shown

in Figure 9. “The conne g materia Intalns the pattern and
inter-plate s i: f I 44 and 46.
The tup | ayer Sraitas ogkiTen B G978 B BRI RS, Usor 21541
superi nposed 0F [ent a { 1 j.m reql tion of
Errs i pepa e e S R e O A

| nter posed betyygen, L) AveessAR. Bds el S S1RARSTRA G LAl yd7, as seen in

the cross-sectional Vi ew i‘gur seen 1N Figure 9, in
o 0! SR bR G1e L SRR ARl Ton it o conneet
circular aperture plales; /4 i 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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overlies one of the layers 44 and 46, with the aperture plates oriented to
the exterior of the SF26 fabric. Figure 25 shows a pl an2§ Maighol006he
bondi ng spots 112. As seen in Figure 25, the guard plates 42 of |ayers 46
and 44 and the 10 aperture plates 74 of |ayer 72 together cover the entire
fabric 70.whBioguser 28 is a plan view of another enbodi neprtrefoidaifabric 140
of this invention conprising a first |ayer 144 of hexagons and a second

- layer 146 of giatawb ihel thgmateralbdbt bdfaglyrteia, REfrablydhin s ileund nen 0OK'Ss- sect i ons of
Figure 28 taken along lines A and B of Figure 28, respecti.vely. As shown
in Figures 29AmamgleBayersard ted,figdhictndss ofdasiOpiato MayEd hed botedacddasRssrat eri al 47
and connecting material 15 interconnecting the array of hexagons 142 of
the first |ayethadhdm, Whieh 65 A6HeisBFicieAl ffoh@to 18LifiGhd Minehemaeakisg t he
paral | el ograns 148 of the second | ayer 146. The fabric |layers 144 and 146

are bonded to fh@s ARSMtEBA Bl thdedidal lchviRdihesUir &abo 2EBERSh: dRirdeet the
desi gn needs of the fabric application. The fabric has non 20

i nt er connecy edcoa?aafaﬁaifléfthﬁnésbme%mﬁf, B8 sBAYR! B8 polin8lé Slared AmstBe and C
describe a process of making a nmetal wre reinforced gquard plate |ayer

especial |y sui &&EA&J&@)@Q&&&!&H@%&&%@The%u}ﬁﬁiﬂﬁs&a{eegjé%glgg g7Agd.erial for

nmedi cal gl oves nust be t an e to maintaln ity for nedical

personnel, yet,icOpiges e 3k Ihé‘s‘ﬁeehlb%ﬂ?ﬂ%% ?ﬂggl@ﬂ}gs H%edrtglﬂgﬁ%ﬁé‘ce agai nst

25 sharp nedi cal needles and knives. e so S an | ex Ity

requirement 39,26 NEGR. A0S IRRZLMIRNG, BETLUSEL A e dnc ki S, hat the

mat eri al nust alrly thin, pr I nner than mul tiple

|ayers are usedyidieathlahngss, o oBRENNALOLE KSR MSaisgged 1O | ess

than 1nm whic y no y strong to resis puncture and

cutting. {85 ConaSIGOURLES ok b IBILORL SN LARRG, of 0" der 10 achi eve

the desired 5 co n o i ANess, exi and“strength, the
pol ymeric pl at Eiventol t}'-‘ig,bu?es 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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reinforced or replaced with metal plates. The fabric illustrated in Figures
27A, B, and Cutilizes netal wire nmesh enbedded in the BdManehr2G05si n used
to fabricate the plates. Wre nmesh other than netal may al so be '
ef fi caci ous, depending upon its type and characteristics. A typical netal
wire nesh is less than 10 mls thick 10 and nade of steel. Figure 27C
Illustrates a fabric 50 enbodi nent of this invention. Figures 27A and 27B
illustrate i%ermadi ate steps_in the manufacture process of the fabric 50.
i "ﬁ‘aﬁ%“ﬁz%é@ qhlgside for egemple. o prodecsi thedfabric Hbefithis2 enbedded i n

The fabric o
the guard plate 54 before the EOl yneric resin of the guard plate 54 sets.

The 15 procdB¥fpR n wdians AQC-JIhs fbeic 50 produceddrytthin provess basaalarap Wi t h
metal wire nesh 52 and_ then pouring polynmeric resin 53 over the wire

- mesh- connectt SR REES 54 integsallyreinfarvad withamethlovire meshi2gAné 2 gAardNext , a phot o
mask patterned in the formof an array of guard plates 54 is placed over
the wire nedesddapinereqnnectedhyconndeting Bateralils, Whick exthidedttween thdhe phot o
mask pattern has openings. where the guard 20 plate 54 |ocations are to be

in the fini EARsPraneHirengBend intagradmithshergusidgdhtessideri al  is then exposed to

ultra violet light to cure the resin 53 that is not covered by the photo
mask, which is the [jauesBOA anidB &d crss-eytiondhdews WDapGt&Embodisiehed resin 53
in the gaps is then washed away yielding the internmediate fabric

i |1 ust rat ed tisinventigu cam@ing, a fittel guatdylare Byed 1651 Bl théea . §§0S 55

bet ween guard plates 54. 25 The exposed netal nmesh 52 between (in the gaps

55) the guamdylsl fir esanipl, fabricaed vbthg?8 . YBILClao200D2 ¢ hick SMAYss sidgi Ng ferric
chloride for exanple, to produce the fabric 50 of ‘this 1Invention as shown

- ¥'n Figure 28hest Aot sieei 15STObeHIEGREndlng RbSriNNSCEER adPiexdfl 27 T Y  OF
guard plates 54 integrally reinforced with netal wre rres% 52. And the

gg? reﬁds plb:: %Zﬁﬁmméﬁwgggﬁﬁ%%h and |‘gndt1£e{g?£fig\?\nﬁ éthﬁlﬂteﬁgleg\llj\gir ghpl at es
| 54. . 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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Fi gures 30A and B are cross-sectional views of another enbodinent of this
i nvention conprising a netal guard plate |ayer 151. The A&MarchyZbd pl ate
152 maybe, for exanple, fabricated using 0.051 to 0.127mmt hi ck stainl ess
steel sheet. A netal sheet 155 is bonded to connecting material 15, such
as a fl exiviob ez/1o6arbstrate chiffon, by conpletely coveri ngctibsmiemsanect i ng
material 15 with a flexible bonding agent 153, such as apol yurethane as
shown in Fi gurager3Q48 asldeecrited hicttle frbviowsmpdgetph icio\sgstdgad the sodrisstirign sat ur ati on
of the connecting material 15 so that the bonding agent 153 covers both
sides of the aanaeCidhgmenl Sedtahlykbihe Rivafions wstethe hiatdiateawiit®ppl ied to
both sides of the conposite shown in Figure 30A in a guard plate array

pattern and t hRsiiBiedlin HRe6MpERS fibsic I 5 MVek Ghetethed bRRYEnAR saohg@y of guard
pl ates 152 that are disconnected from one another as shown in Figure SOB.

The phot o resiyghallfRisRl dpdky sthidtuk ABEIde RdsthREn RG] Sldisp@ beh@R: The guard
plate array is held in the pre-defined spatial relationship by the

connect i ng smat@kdsfle islap it el gﬁﬁ RS drte Bohdife Q%atr G3Rk@b&Gencli¥d t he

f1exibl e bonding agent 153. To further enhance the strength of the fabric
150, a doubl %n{oﬁm%on%ctﬁg?:[a%ﬁgﬂ B Sfer WRRch G b ABH ¢59¥ vBARditGhea MEt al

sheet 155 to both sides of the connecting material 15 and then perform ng

the fabricati QinRb&RSmRABiA9S Bes r%itmneiﬁl{gfage%twgcks. bamgech eRRAACI Ng

material 15 as previously set forth in this paragraph.” An alternative

met hod of bong)'g%ﬂlﬁ%%ﬁ%fl?ésul&hﬁgtfabﬁé%d &aﬁs{&ﬁig&ﬂ@mﬁf‘%&igﬁ%eﬁ@g@i al 15 by

conpletely co e connecting materia e bonding 41 28 March

2005 WO 02/ 10 : ] ol ' [

paragraph is SriRbgrebanG uehatf o B houdrtine By TR heu (o R B P e
t the | ti t g |, | htd i

ol ot ed Pabir PPAFHE e PR e Blsel oPbt il RIS PRI ALD, 1) 1 gi g

epoxy. struct urgl , 3Be8LNCe! 188 D8 Nas! {5k VS me N B ariBRAL e

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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5 adhesive is applied at the gap | ocations. The bondi ng agent 153 can be
stenciled onto the connecting material 15, after which 2hMamit205sheet 155
is bonded to the connecting material 15 before the bondi ng agent 153 sets.
Al t hough, the spot bonding approach results in a fabric 150 that suits
certain design criteria, the preferred bonding nethod is to use a

conti nuous | ayeFhiprmsinenf ngichbpsing guEdplattheccts vdon thelgopsizalgeomeshod | i nits

t he accuracy of the guard plate 152 size and shape and the gap 154 between
the guard pi at esnallegthan fee thiskndse of tht guasdplate aButatithdlsmetal glitein thdieol ogy of t he
bondi ng agent adhesives used for spot_bonding and the process of screen
printing those thigknsssronss of el ¥~ 1ed T8t iitisipassiblepphirmet thegapaizebondi ng
agent 'is limted only by the etching process, which is very accurate. Using
the 15 conti nudgBveapibt gunad plotes tf asismalil psie pupedplatSiiclalelsomthoithe creati on of
narrow gaps, up to the thickness of the netal sheet 155, between the guard
plates. This ichopwmsng avimllpufledhility. Hrdapbweing of the girsis a voahwhilddoal f abric
150. To mmintain proper flexibility of any of the finished fabric

enbodi ment s, i becapss thewpmilerthe gapht letsvhaga it b péneeingdnstutheivaties are free

frommaterials that may 20 conpress or stretch during flexing of the
fabric. Becauspenchate udatulicplf tisinvation. Bxhiigtedhhololy i siffidictitggecitef | exi bl e,
nost of the strain caused by bending the fabric is concentrated in the gap
" region. Even athetd gaprathin asal metal shéve thicknességiberangoyf 6 g5ificantly
contribute to the rigidity of the whole fabric because the strain is

anplified atojiwrmgap cads fabricattdnmn 0g 06 -0h a2 Ading IsiA3Gs e sthalbat es as the
fabric 25 is flexed if the gap is too narrow can al so conprom se

flexibility ofthstihe typloal medieh? n@dleb/arli¢h RMRFAroRIUS . 33 NY @f infi@inghbor i ng
guard pl ates occurs when the gap size becones snaller than the thickness

of the guard picadles toBOL 787t t hefoRBRakauPeab&ild 156, BRichiduhekh GSRighrnge of
0.051-0.1271 it is possible to narrow the gap size between the guard
plates to as el lgapbetvden ptsdiofl DL 85emhhi GhNSBFa M bR heedle from
' penetrating through 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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conprom sing overall flexibility. The narrowing of the gap is a worthwhile
goal because the snmaller the gap the | ess chance that a2fdesthr210(5ng
instrument will penetrate the fabric of this invention. Etching technol ogy
is sufficiently precise that a gap as thin as a netal sheet thickness in
the range of 0.051 0.127mm can be fabricated. A 0. 0 51- 0.12 7nm gap
size is much smaller than the typical nedical needles, which range from

0.33mm for j D, 0 7 8 7 fara. 21,.gauge. needl e 156, which is
shown in Fialétl?}rE Leﬂi gr%f&%\%g'latg&bteot'\%@gﬁmpl a@%ﬂ eeg{e%@_vgg%mﬁwqeﬁ(&wr 21 gauge
" need| e fr orplatereanaind alic gag it brdert Perctisie HRPudhthOfabhe BYBRWE the Sei. And, since

flexibility, O:{i t[] . fabric is enhanced when the plate thickness is no
greater thal GHe Yg’a‘ﬁ thej g, it Willdake g|cagtain lemel ok fuessfor tho needlelie penstrafe cat er t han-

0.0 51mm . gp | r; : 1l 1 .not. stop, the penetration
of a-21 gaagg%ﬁlgg%#@q)teﬁ%ugﬂ%ﬁ l#ﬁ@?gﬁ%‘?{"ﬁ’%%ﬂﬁé@%f“ﬁ?&'{aﬁq @gﬁsess shoul d be
no great er delhmimatioreofghpadheshe, atdhensih stteschidghif eleassReriadrByse with.a 5 nil

gap size shotuld. hglin %reater t han Q. 051nm Taq reduce the gap to a size
that will SPYpZpe e%a § @21ameigrs avhen designing fhe fabrie fosivarops applications & hi ckness i n

the range @izatffe 531370 taayhe BHH}BFJ %ﬁﬁg Qgt{hg %‘lgakggalltp\éﬁsr SGndPlafiE ?heaga not strong

enough to resist penetration o | cknesses 0of*"0. 12 7mm or
| ess. On t heiwernibe gusadplatesrdf tht gyl sitedtsetviaen thecguafll plflesid sufficidily7mm t hi ckness

range are n nough to resi st penetratiqgn. A 2], gauge nedi cal needl e,

as illust r%%aggsu?%ﬁ’ﬁ ‘ﬁgl"é‘fcgﬁ “’E‘EW%CFQF eﬁ?p'éag?%ﬁtﬁ: sliding OF mesdetilby a cutting
edge. The et furfibe biic hofal pifte B4 or &0isHRINAGEh 2 Se Wl mdiflishegfVery 0. 025mm
of gap si.ze between the metal guard plates, the tip o t? € needle can
advance 0. Withpuheny) treatment foa pesistinpndodiewhidencanbt atedgud still phiatins high 0. 051mm

t henasl on \2§§ ch.2005 as the fabric is thicker than 0.102mm t he
needl e ti ge%i;f) g@féer T BF€ak the guard

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
1s chiffon fabric.
An SF1 5 fabric, as illustrated in Figures 9 and 10, can be made using the
J metallized guard plate approach of Figures 30A and B. Two metal guard plate 152 layers
are used. Each guard plate'ISZ laye_r 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
iustrated in Figure 31. The base material 47 can be the syntheﬁc leather matenial Amara.
The metal sheet 155 may be bonded



pl ates around the gap in order to penetrate through the fabric. Even when
the needle tip directly hits the gap, it will take a cettMarh280e| of
“force for the needle to penetrate through the gap because this involves
bendi ng and deform ng the nmetal guard plates, delam nation of the
adhesi ve, V¥Q/10&fisi | e stretching of the base material. BI/B6WERWiILI ng t he
desi gn paraneters when designing the fabric for various applications a

si zabl e resi sttaﬂ{@é'amyat@@lmaab@dm@\aawtéﬁ-mﬂmm@ﬁm%ﬁ%@ublﬁ t he
fabric, the gap between the guard plates. If the gap size-between the
guard pl ates imetd plats Bbrgwonyprisesdivb metad bhepls honded dogoihncwith er Wikt ance of the
gap is adequate, sliding of the needle tip on the surface of the netal
plate is | ess cofneging ardazs. miterial betvean thas.eAdlpkibtt bopdiag meteeielis mpbit hout any
treatment for resisting needle slide can be used and still maintain a high
| evel of punctefiicacipes bwtifandgd béndimg reaterdd] issused, ajpdt bodiding ttber thet al pl ates i s
stainless steel sheet 2 having a 0.051 to 0.12 7mmthickness. H B. Fuller
UR- 2139 and Cicheiin®6dbopding uf &t hensheatd bestosasy habeibefexible bedctle be
effective. These adhesives are chosen for then- flexibility, their bonding
strengt h, and thdieo:mendiishdet mbodiramit,phaioresigiofiichs bengbhg ohtboéngdds aaf t er t he
etching process. An exanple of the base fabric used with the netal plate

construction, thdhétalds etehddholebvardisoenndara plates itdfopn adlrible, plats laperar a A sui t abl e
connecting material for enbedding in adhesive is chiffon fabric. An SF15

fabric, as ill ustr Rigefts BRA EhB dEFictInRBodithentCd e Pebrivad his! Sivaioh he
"netallized guard plate approach of Figures 30A and B. Two netal guard plate

152 layers — akempifich mEacHaiyRdick i fhr@d Wil Wiedi@sshl Figafd Betishiiom the ot her

as described in connection wth the SF15 fabric. Between each netal guard

pl ate 152 jhay edteredidtcRespen R HEIckRlof hind@dcturidg tehb@t 8erd MabtaMbRePl. The
base material 47 can be the synthetic |leather nmaterial Amara. The netal

sheet 155 nayRgreRQRR @Mrid 46® Sri¥afitein RGN N8I RBREmBEsle WP Mol 541
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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to the base material using a bonding agent 153. Anot her enbodi ment of a
double nmetal plate fabric conprises two netal sheets borR8d&dprendiSher with
or without a connecting or base material between them A flexible bonding
material is nost efficacious, but if a rigid bonding material is used,
spot bonding rather than 5 conti nuous bonding of the two sheets is
necessary to obtain a flexible fabric. In the two netal sheet enbodi nent,
photoresist flints are applied on both sides and the netal is etched to

dopi ct an enbodt Tt HEele? pl P hBupd o dindnlipe S ebelthE roral
Step i n ¢ naneSLALBALlboelh e R sa bl e e SopebiBor ced i re
e abn e 0 BACITELS SLAR SRR SRR 4 O 2 Tl
v o SO el s B Tinpemit g tnciodionean L2
previ ousl y%%??ﬁ?’%‘%‘hg'vﬁ?sﬂ“pg% rip :1@ i meg‘?d§ﬂ8f§i6?fet3ﬁe’fabri c 160

of Figure 33B is. formed, which js: conprjsed of petal guard plates 152

rei nfor ceda‘%"?vﬁsgﬂsr"beﬁ%wyéﬁmﬁ @W@@%Hﬁﬁ%ﬂ%@l%@lef@@ﬁ%&@ng mat eri al
15 t hat isfan i.nt egral part of a %uard plate |l ayer 162. |f necessary for a
particul ar 5Bgf ‘E%"d i'T"F'ﬁ  (or lomeqted reqtanglsror similan shopes) &1 Willler s 162 nay be
~stacked upon .one anot her d may be registered with respect to one another
so t hat th’ée’%l'%g?‘fﬁfﬂﬁ’g%egﬂ'&ﬁlﬁpﬁﬂeﬂﬁ cylprdo paghather.e | ayer fabric may be

m ni n‘izedd%(ﬁiﬁg&g‘{) and size or may be totally elimnated. 45 28 March 2005
Figure 34 NOEFABRIC TESTRod for bondi ng multiple |ayers together:

Thi s s
: 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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met hod of bonding may be used with al nbst any enbodi ment of the fabric
dependi ng upon the specific objectives of the particul ak8 Mapei 2005 use. The
objective for this bonding nmethod or arrangenent is the same as for other
bondi ng nethods illustrated in this disclosure, that is, to bond the

| ayers together securely while not sacrificing the overall flexibility of
a nulti-layered fabric. The bonding nethod 80 of Figure 34 achieves this
obj ective by using flexible adhesive arranged in an array of shapes in the
form of di sconnedimtirehistamttestcd wasli@ippad 8@ corstiuoRd tteQ theTufietidtincelofipes) 81
with nei ghboring disconnected |ine shapes perpendicular to each other.
DESCRI PTI ON thefabAGEhitied BShE: spdéfidatibg) Tihp 6Rtiésiskide RERERUMIRStONESd! e puncture
testing was performed on sanples of fabric described in this specification

_using an | mestdrd owtiresistant € Gebted debibed BE ASTM FOENRLO7) Shend PREMVEdIBd  avai l abl e
fromlmda, Inc., 450 Skokie Blvd., Suite 503, Northbrook, |IL 60062. The

puncture t eshEMedstrinpaRa Resistarice SERERTiAI UsddGh PRitectiVe Cling A0EIRf 0- 44 pounds.
A fabric sanple is placed on top of the tester's netal base. A needle

(typically GabfisthounfeddndB4iss shedd doberdd wOGkRn FNAR BFthE tddter. IASraddiivdsdaed to the

"tester probe, which is positioned vertically above the fabric sanple. The

probe noves altahed @ aller b bof the Gt W9leR riid dpamist the 4BH: ¥BfaeciAl Y (for exanpl e,

80 mi m nute). The puncture tester measures and records the peak force

~ attained dufpedsteintifedivel tqg-@pﬁédﬁmlev&%ﬁhgghé@t? it fhicE SthePr ObE.  The

standard test is at a 900 angle to the surfa abric sanple. The

tester is ainishalistiicd s¥ 25yl ihed 30G & Bk b dfiph i@ 1 npi nges
upon the fabric sanple. 46 28 March -2005 A cutﬁ?%i(%ﬁgst nt t-t es er(?was

desi gned anthd ARl 56 ARah@ D 4 LR Wind 35 DABE s Blouch 8 Gl © ¢! al med

‘in this specification. The cut resistance tester Is sim
standard_cuiithiRHletiAies thORhSioldG Hir isheEMBg b0 adeg, Bndar d Test
Met hod for Measuring Cut Re5|ostan§{erb§&wg/f¥erla S ;% I'n Protective :
C ot hing.  Achpit fiot cut thrbugh 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 mateﬁal 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 indushi@s, Inc., 1957 Pioneer Rd., Huntingdon
Valley, PA 19006 and designated as TR21, as previously stated in
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sanple is nounted on a brass sheet covered wooden drumof the tester. A
razor blade, attached to a lever armof the cut tester,28 bwrch2§8 nst the
fabric surface. A predetermned weight is applied to the lever, creating a
known cutting force. The drumis hand notated at a slow, fixed speed so
the razor bl ade.cuts against the fabric and parallel to it for a distance
of 4 inches. If the razor blade cuts through the sanple wthin the 4

i nches, the threshold cut through force is nmeasured and recorded. If the

sarrplelsn %H;ﬁ ugh wi.thi.n the 4 ing result is recorded

'ho- cut . Qén/& nev‘\:/g"‘[riogl‘zgﬁ @f‘gbsé’e?tém{?gédﬂb ??'585‘&??}]1" ﬁ'ﬁ% sul ts of

Fabrl c Sanpl Pun este SF15 Fabric The SF15

fabric is il sﬁh‘?@g &ea’éﬁ’ﬁ &&m&w Fi gures 9 and

10. Amara(r) 0N n hetic. |l eather, is
used as the BIEL ﬁﬁﬁgg‘%}?‘gﬂs ﬁ?lw%’r“ aﬂ@é‘@%‘%&@%&%&‘l@%@e Amara(r) base
material is abo 50 ho S s of ch) thick. A

. pol yester cipg% W@%ﬁg%’f"eﬁ ‘Q’OBW‘SI‘B@“BPQ he Amara(r) and
polymer resin plates are pri nt d nto the materials u3|nga0.2
54mm t hi ck st ai nl esijs'ggégfaf’é‘? Iasa?ﬁ’ge’dﬁ e ysigtance of e 8Fhbxagon array
ith 2.032 h g b t the h

s 0. 356mnm“s+w§f‘3%a°“?@§9‘mwﬁ”°r 1553 Sl by donsdepa Sm wihetepRgaies n,

“fornul at ed Fielc dustrie n 1957 Pi oneer Hunt i ngdon

Val | ey, %éoﬁ‘ﬁ 9#3’ ﬁ&t%@@gs fQPREi‘O a@w@ﬂ%@h%%ms@m n 47 28

Mar ch 2005 this s e%efgfgcg (L?I on. The_.resin is heat cured at 120 C for one
hour. Then, W?‘g Glilbs- By Brarshbitmgedleorgun s agin fored ianeffionsupriy r )

surf ace, W|th t zH)p %og array properly registered as shown in Figure 10B
to.obtain t 9T 08BN i nin dipmgeteewith a vpne, shaped tip. Bdgs wedBsdabric is

flexible and is about 45 mls thick Using a grabbit needle as a probe, the
punct ure r eBYR{URprEbgbecayss ofjtysharpness 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.



sanple fabric was determned to be 3.50.7 I bs. fora needl e inpinging the
fabric at a 90 angle of attack and 3.1 0.7lbs. for a 3%B Maghe att ack.
The cut resistance neasured to be above 7 Ibs. A grabbit needle or pinis
a pin found in an office supply store. It is about 0.5 0 8mmin dianeter
with a cone, shaped tip. It is used as a puncture probe because of its
shar pness and thinness. SF16 Fabric The SF16 fabric is illustrated and
described in this specification with reference to Figures 11 and 12.
Devcon Pl astic SHiGdHaprix Putty (A) is screen printed on polyester chiffon
fabric supported on a rel ease backing using a 10-m | thick stainless steel
stencil to obt ai ThaSHliafabiqs dlustrdtedex dascribed iRitlgsispecifidation héthrefsiencd s heat
cured-at 70 C for 45 mnutes, followed by 4 hours post curing at nom

t enper at ur e.to Figuresd3 i e Aniac®, withyer @. 50 &unb on dbitkheag é thebase fabpicoTies | v
registered positions, as shown in Figures 12A and 123, using FleshTex(r)
pol yur et hananatesismsedauidtyrintibg provéseislas desctiltdddedboatih dieabetiof 38thil | en Dr .,
Wnter Paris, FL 32789. FleshTex(r) is a polyurethane-type nmulti-part (2 or
3 parts) theperificationrtitled SF15 FibeisHewdve, tephiatngsés tidlafer 6D tse8 @ stehéitit es. The
‘total thickness of the SF16 fabric sanple was about 1.651mm The SF16
sanpl e ‘was patton wrimptisttheRF10$ung platgredlabi 66,k showditBigu 13, Phé b.  force, no
penetration was observed at 90, 52, and 30 angles of attack The cut

resi stance ohulfingSERNRbric inAexibld andias a4BicleBsddTubéut 49Rfls SF17 Fabric The SF17

fabric is illustrated and described in this specification with reference

to Figures 13 - Uking Agmbbif icedic'ss 4 Probe, thy MBI rediétsilcd 6ikis SFY7 Eibeicbase fabri c.

The materials used and the printing process is as described above in the
section of stiplemesnrs td beGat+ 0.0 sl for 8 908ER dfateick Cand VLYY Tbs, 1@ Printing of
the | ayer 62 uses a stencil
: 30° 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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pattern to inprint the SF17 guard plates 64 and 66, as shown in Figure 13.
The resulting SF17 fabric is flexible and has a t hi ckned8 Marcha@® 45

mls. Using a grabbit needle as a probe, the puncture resistance of this
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 | bs. SF22 Fabric The SF22 fabric is illustrated with reference to
Figures 18 and 19. Amara(r), with a 10-m | thickness, is used as the base

200 on top ol St Mg e FRh @ﬁ?ﬁ—ﬂ{ﬁﬂﬁfﬁ%@w Cresin
ey Layer Lo oERIEERER At R d pickhe nE I D 2C “celcr bed
are formed. on 1yRFe relsmtbRrti by ”%ﬁg%@&%ﬁﬁ42e?&ﬁ@¥qhei¥§és7i4. e
B Chifion | 5?%?“%?‘3.%@&%%@@2 i %@Xc S PO X 50

possi bl e to gy a Chl ff For optinmum
“per f or mance, th@%p%ﬁ%kf'gg é%ttefﬂ %‘lﬂ"ﬂ?e a connecting materi al

15. The layeige and 72 are bonded toget her, in properly registered
positions, as s ovvn in Figure 19. The guard pl ate 74 array of layer 72

T Tayer 72 a0 FHEB R i iR el e Bermie oAb or s
44,46, andy f 70 ds, th The resul tiing SF22 fabric
is flexibl e&‘g‘%a&‘@é‘%ﬁe?ﬁ ﬁfw M%ﬁ)ﬁﬂ‘i’% dgpbotpesi st ance

for this f a n as he pr.obe, rreasured to be 3.5 f
0.5 pounds for a%@%b@egweg’f’t V gesings mixed with? maghs ofphot® angl e of
.at tack. Thﬁltla%g Wes;ﬂs&éhaig 5 r&%%mg’zcg,omg eI‘hg w?rgl:snnqasde o?’lgt]agleig Et[atlal%lG

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
7 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 angle
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.

50



GQuard plate layers of the wire nesh reinforced fabric are made using the
process described in Figure 27. The UV-resin is Ebecryl2&6KBrdhrH95UCB

Chem cals. 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, IwW002Ihe wire i s made of stainless steel 316 wit/bsoresdarcount of
165x 165 per inch. The wire dianeter is 0.0025 inch. The opening size is
0. 0036 in. Thelwdpygtst thawhald fored ehsGvFbior hdedly. peddiration winefoBFL6 bdédi gn as shown
is Figure 11 and 12, the guard plates are 60- m | hexagons. The gap size is
0.178mm The tiotuads. tThi akanees Soro¢ whaZlDe palndd (theairamage was Wisébpon 100 305mMm For
bondi ng, 0.78 7mm di aneter adhesive dots are used. They are separated
~periodically biatDpoddts)i Mahpunttuee dsinehdedorachagidfont 5.1k €0 pbaxisf rom Zel | er
International. 10 parts of FleshTex conponent A and 10 parts of Fl eshTex

conponent B a$EMMAXRY GINDETASDEBAMESCRIPTAOR parts of Cab-O-Sil flow
nodi fier. The sanples are tested using a 21 guage nedical needles with a 30

degree angl®e of atThaéhbridknbodimpiiestihissnvenitondiavd dpplibios iedioteindi ti ons for
the puncture test. Four sanples were nmade and 20 puncture tests were done
on each sanpl egartbéhi2fr Miivizinald Q8NN Eubiiné ekioséd 5PbteddBK injuitie | owest
threshol d force observed for needle penetration was found to be 1.1

pounds. The avshaggsiohcudeaspablickafy ¢tk nachibiets tidhagSsu@snd) asegle upon 100
data points). The puncture resistance force ranged from1l.1 to 4.0 pounds.

SUMVARY OF DETifel BehdaEaehtpdaTihOMidkndRef iR e, anbadingem gylef ofthd s i nventi on

have application for protective garments for individuals working in .
occupati ons expaseehd Be BRI Md ifatbriildHrdr® Which RRIBIAAINRS inveMfh i@S public

safety officers, machinists, butchers, surgeons, and the |ike. Depending
upon the tiy ckdgssicRll, thdokabiel gtrmdtts TBAM 00 5rop esThdiSSrréth rdshBmnce
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

51



pl ates, and the substances and materials fromwhich the fabric of this
invention is 10 constructed, the protective garnments may28Maech2Giberti es
rangi ng fromresi stance to stabbing and cutting, up to resistance to

needl es. Wen the fabric of this invention is used for penetration and
punct ure égbxtafice, the plates are made of a hard penetwedon@is4nr puncture
resi stant substance. Preferably, the penetration and puncture resistant
apparel or it erbrvadé fbmdubrichd tliatmvertionf Appdrd forrvilenbéonpating bs welves 15 t he
hard plates of the array oriented toward the expected source of penetration
or puncture. Sposppli@ionsdn tieansdicapaaldehtaDficldsadillir&uire diffetting gerde@atidni S

i nvention may be insect and snake bite proof. Apparel fromthe present

inventive fabrdng piyirbRsistatl subdured 2 nsipeial fypes. Ditfdritistthienegghdenvi ronment s
calling for protection from penetration or puncture, including apparel for

riding open uni@usioasoMBéiblales tresetflted QindS theRir6ds B4E base tolagUgbh Rl safety
apparel, underwater diving wear, and penetration or puncture resistant

footwear and hewf winveki ngs. Qther itens that require resistance to
penetration are nade fromfabric of this invention, including |iquid-

retention liners f g @idical BBYA! e SRR chdpB\Hid hird SMIHHaRG POOI S and
tires. Articles requiring penetration-resistance, i'ncluding inflatable

rafts, |ight 23wt & gt i ells, or
T Uy Geseatnn RaeL A e A ARy S A A L e

B T
0 17" 10, PEnShiaPO AL SR e Sh Al B S 2 e
Sar e S IR AR RO, v T
plates and the sub %@P&%ﬁc %fno\(\’ﬂép%gdegnp Sﬁﬁn%fye%iég%ggpes gra (¥nn\éfafsrigris 0@&%or ding to
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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the particular procedures to be performed and differing conditions. It may
not be necessary to fortify an entire glove with a puncg2&Marere200t ant
fabric of this 10 invention. The fabric may strategically reinforce only

hi gh-ri sk zones. This fabric is not dependent upon specific shapes or

di mensi onswopvidee plates. The fabric is scal eabl e to neet/usiidelsy varyi ng
possi bl e uses. The choice of shapes and di nensions, and the substance and
mat eri al of whischrbomBler ar glassrampbsaiet)uoraghss. ahey athpenioidance mppbe tdeé
application and are determ nable by routine 15 engi neering .cal cul ati ons.
The fabric of thiteesismibaipecified phetureypirndieg ind @dingfforcsudi sfeathoes and materi al s
of suitable strength, resistance, and dinensions forns a flexible, cut,
puncture, and thiceieeendesirg tandhicv te@baticterfsits desindda@nthe apiticativel,. potential |y
fl ammabl e and/ or expl osive liquids, including gasoline and other petrol eum

or fuel produchier ctuapled dfaxitiblepeetsasshiR®epbiynd atistaite@sihd, B&hsisi N various 20
types of tanks or simlar liquid reservoirs. The substances of which the

pl ates are Srardrant®)Bdn®) 6 Tustfemtdier thasdisbirbin vsethfmi Rexighebf goods or
in the case of resin are readily fornulated by resin ‘manuf acturers to meet

desi gn par anetEsretifdwith 6flefolfnites dr@aldptinaliQ vith $8ridud suitdld QHEg appl i cations.
The substances can be, for exanple, netal (such as stalnless 25 steel or

titanium), netabndl ASYsbsteekaRiuid pRlabRictbe fi88 of bii@BKyheCRORBELt €S (such
52 28 March 2005 WO 02/10667 PCT/USQOL/ 21541 as carbon fiber or glass

conposi tes), OhmARBid ABKBsRE BElecHHRRIARRGRRY [R8idSSHonridifkhd €S Sts the
specified puncture, piercing, and cutting forces at the chdsen thickness

necessary to as@iabtsafﬁlbgmemﬁm&am 8} ine %abﬁegﬁauf‘&ioef&mm% %%&a‘f@:t i on.
O her exanpl es of suitable products |nc ude epoxy or acrylate resins, such

as 5 DarOCHy(ﬁiwméﬁgﬂ&ﬁbfme%mﬁgﬁﬁim#ﬂ other thermpset resins whet her;

and m xtures of " such resins wt pol ynmers and optlonally wth
various suitable cypj P8cess 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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agents. Any substance should preferably not be friable or brittle. Wen the
fabric forms a liquid enclosure or receptacle or is useddMarch200%ui d
environment, the selected substances and nmaterials for the fabric should
be resistant to chem cal or 10 physical action of the contained |iquid. The
process ofwaeywndyl i ng the fabric of this invention usespcousenidsy

avai |l abl e production technol ogy and the novel nethod of printing plates
onto a base nmbgssiigperfoass the siesded Aaciion dfimatigpeg mfd @ahéoting thEheayseft f aces of
any of the plates described in this disclosure nmay be 15 pl.anar, concave,
convex, or anyplaesibilrabbin) Adyadigohiinuiies i thp@aiedl nyaytRniddeh ¢f @btlancsur f ace to
neet the needs of a particular application. The guard and aperture plates

used in the i nbiepropatties dtilekidilfipbettiabiliey, btpwasppllitgahti psiomlly] have a
thickness sufficient to resist the piercing or cutting force that the

fabric is intenerbhbily itk $bric of REhPREHOE nAlé (ah aritbay ang of the same
i nventive fabric may each be made of 20 different substances. A connecting

mat erial i s5 angiscomim@iticd in thehiatdialien bé & Ab&ARRE HeRdd DAL MBeM ndt he pl ates of
the fabric, maintains a predeternmned spatial relationship of the plates

wi thin the faljphproansh mé k 'ui?e cRE@RBh kRS ARAR Rbrid BlnbABcAl of he pl at es
relative to one another. 0 so, the connecting material "should be

flexible. The 2&aapprsGhd ﬁ&ﬁﬂ%@fe'c@ﬁsﬁﬂ?&’d DELEOBLL RN HisOfn Ve Certai n
sel ected discontinuities, as 53 28 March 2005 WO 02/ 10667 PCT/ US01/ 21541

long as it perfaf ik 4 deesiada founed tnd) o/ TR} REALALG AL donnect i ng the

array of plates in the fabric. Any tinuirties e material may be
h t h I d
fwi ot abi iy, aquall B BkaRibd 850t AbEHhrbtblot RERRRD bophlte 7T,
us ef U| art iOCl h@%‘f‘eﬂgﬂ I%lgy E?Qggt?ﬁéﬂc%r Hépgl g‘l S ("’f[?lmiﬂa%lijfaf 18 %Eos!eﬂ\;vﬁlbe mat er I al
n oca

nmust be so chosen a ey
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
arrangementé 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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conprom se the required penetration resistance of the fabric either locally
or globally or of the useful article constructed of theZ8Mar¢le200Buch

- discontinuities nust also be so chosen and | ocated that they do not

del eteriously affect the structurally integrity of the fabric or allow any
portion ofwOlF1mér ay to separate. 10 The material nmay beceUssbRoaeric or
non-el astoneric. The material is chosen with regard to pronoting the

desi red t hr ee aidgdigesatsehcduyeedd by oiis imvendore rithioivétten i apablaofof t hi s
invention, including flexibility, bendability, and tw stability. The

materi al may ahsiifidador MiBRnhd Rogidfardevehiie: dagtdtien risapefblicemdpf el asticity
and - stretchability in the inventive fabric. A stretchable material, such
as an el ast oneherefble, ihs idRnEXARPbtSintfed & the pretibd EstamBisarfbdh inghikt abl e for
performng this function. However, a non-stretchable material is suitable

for certain appedificatiyMBhis MentioNBicRideadl] dhRYzeh Snd BiRraiBsethatFAL Witgh| ¥
existing, or blends of the two. As with other enbodinents set forth in this

specificatwon¢m§@ﬂggwwgﬁkq®b@m§idgﬁ@,appropriate to neet the functional and
utilitarian needs of the «application. 20 Such variants are choices that
come within the spirit and scope of this invention. This specification has

described and illustrated various enbodi nents of the penetration resistant
fabric of the invention. Various arrangenents of plates and |ayers have
been described. However, these illustrated and described arrangenents are

not intended to be the only arrangenents for inplenenting and 25 achi eving
the objectives of the present invention, nor are they the only possible 54
28 March 2005 WO 02/ 10667 PCT/ USO /21541 enbodi ments enconpassed by this
invention. This invention is capable of nodification within the scope of
the inventive penetration resistant fabric and, therefore, the invention
is not limted to the precise details set forth in this specification.
This invention includes all changes and alterations that fall within
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5 the purview of the appended clains. 55 28 March 2005 CLAIMS 1. A fabric
assenbly conprising: a flexible substrate having a top si8 Macey2005d a
plurality of continuous, non-overl apping netal plates having substantially
uni form thi ckness of approximately 0.051 to 0.127mm the plurality of netal
plates affixed to the top surface of the flexible substrate and arrayed in
a pattern such that a plurality of gaps are defined between adj acent

affi xed plates, wherein the gaps are approximately uniformin wi dth, and
wherein the gap width is approximately 0.051 to 0.127nm 2. The fabric
assenbly of claiml wherein the plurality of plates conprise stainless
steel. 3. The fabric assenbly of claim1 wherein the substantially uniform
t hi ckness of ¢ghsmakurality of plates is approximtely 0.051 nm 4. The
fabric assenbly of claim 1l wherein the plurality of plates are equil ateral

hexagons. 5. The f@bﬁ%ﬁc§§§gﬂpgﬁmggtgjain14 wherein the equil ateral
hexagons are identical. 56 28 March 2005 6. The fabric assenbly of claim1l

wherein the flexiblefsiBksiubatat: RGRPL top@tAeiwoven pol yuret hane and nyl on
synthetic leather. 7. The fabric assenbly of claim 1l wherein the plate

thi ckness is approx grah@l ¥ &ftdout, dod-BRrigenghslhiblat havil@sdbabitafy assenbl y
of claim1 further conprising an adhesive layer affixing the plurality of
plates to the top suith@c@icRhess BRiphlofitiaklyen.65108 bl 8B, 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 affixed

plates, wherein the gaps are approximately uniform in width, and wherein the

gap width is approximately 0.051 to 0.127mm.

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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9. The fabric assenbly of claim8 wherein the adhesive |ayer is

pol yur et hane adhesive. 10. A fabric assenbly conpri si ng: 2&Marax20815e
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 a pattern such that a plurality of continuous
gaps are defined between adjacent plates, wherein the gaps are
approximately uniformin width; and a wire nesh 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

appr oxi mately 40 torgeZap.! a§semﬂal?y of -crllgﬁl f @f?érélﬁ tlﬁ%&%’&' sUbsBhte ChdbriBed fhnvher ei n
the gap width is approximtely 0 fabric assenbly of claim 10

wherein the po@¥ﬂﬁﬁb?u&ﬂgmé%nggﬂgﬁéﬁmﬁméﬂ%ﬁg¥ re5|n 14. The fabric assenbly
of claim 10 wherein the plurality 'of plates each are shaped as identica
equi | ateral hexagons. 15. The fabric assenbly of claim 14 wherein the
hexagons are approxinmately 1.524mmin dianmeter. 16. The fabric assenbly of
claim10 whereyn { Nfscliffe (Esblylod bl DhESS 1R DR thiokiess Rafdiibticpssendl y
conprising: a first flexible substrate having a first plurality of

conti nuous, no&mgy@ﬁkggpwggl plates affixed to a top surface of the first
flexible substrate

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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a second flexible substrate having a second plurality of continuous, non-
overl apping plates affixed to a top surface of the secon@8Mash 2005
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
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
pl ates. 18. The fabric assenbly of claim 17 wherein each plate is an
equi | ateral hexagon and nade of polyneric resin, and wherein each
plurality of gaps are approximately wuniformin wdth in the range of about
0.127 to 0.508mm 19. The;f abrhera@astithbly RElath 80 Whekén WRQIAI RicRReNs
equi | ateral hexagon has an approxi mately uniformthickness in range of
about 0. 127mMM 4R RimAEPM t02Q- mikhe fabric assenbly of claim 19 wherein each
equi | ateral hexagon has a dianeter in the range of about 1.524mmto
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 1Dl atBg fad assthBlyf RBRInC 1 PRESAR N o0 widiplk Hrediphayei n the
other two pluralities of plates each have a plate dianeter in a range of
1.524mm to 2. 032/8®am.59 28 March 2005 23. A fabric assenbly conprising: 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 fi exiPlegamitdsdchBlyr cMRETEhRerdif fhefoblSiri@Rbn SEERREL 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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flexible substrates are arranged in a stack, the first and second
pluralities of plates opposite facing, and wherei n each?2g|Mareh 2635 of
plates is arrayed in a pattern such that a plurality of gaps are defined
bet ween adj acent affixed plates, each plate being continuous and
non-overl apping. 24. The fabric assenbly of claim 23 further conprising a
third flexible substrate between the first and second fl exible substrates.
25. The fabric assenbly of claim24 wherein the third flexible substrate
conpri ses woven fabric. 26. The fabric assenbly of claim25 wherein the
first and second flexible substrates conprise a woven material and the
first and second pluralities of plates conprise a polyneric resin. 27. The

fabric assenbly of g£ihaliMabic WRHAL Ravidd thif fiGkafily @XEdkiBuRRBhy at e conpri ses
nyl on. 60 28 March 2005 28. The fabri ¢ assenbly of clai m27 wherein each

plate is an equil atgiah pﬁ%’%@@fﬁ)@@%ﬂﬂgpﬁuﬂb@éﬁﬁ@ﬂnr@ﬂ%legfbst%@at er than
2.032mm the dianeter selected to mintain flexibility and

punct ur e-resi st anceyRdeih iR AlablelsthsBASEFDhYanedPin a HREK, faﬁcbﬁh&eﬁ%a%ﬁ”bl y of
claim 27 wherein each plurality of gaps are in the range of 0.254mmto
0.508mm 61 plurality of plates is arrayed in a pattern such that a plurality of gaps are

defined between adjacent affixed plates.
18. The fabric assembly 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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23, A fabric assembly comprising:
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 flexibie substrate, wherein the first and second
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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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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