WO 02/ 10667 PCTf USOL/ 21541 5 SUPPLE PENETRATI ON RESI STANT FABRI C AND
METHOD CJ:“MA&IM&., FIELD OF THE | NVENTI ON The fabric of th§addysfaijon is
primarily use{u to afford excell ent defense and protection agalnst
penetration forces including cutting, shearing, and slashing 10 forces,
even by jagged or serrated instrunments applied at excessive force and

I npacts of extended duration. The inventive fabric also provides an
excellent |evel of penetration resistance to sharp puncturing and piercing
forces. The fabric is conprised of layers, in which at |east one of the
| ayers hasSan array ofSGPBLEPENEERATEONRESISTANT FABRISI ntain a spaced
relationship with each 15 ot nANDMETHOD OF MAKING | al substrate. The
penetration resistant inventive fabric is suitable for fabrication of

garnents and protective coveri t n to.resist cutting,
shearing, - slashing, puncturi J&gi%ﬁi’g'ﬁé 0N i ng forces. Garnents of
this fabric includ ot ective apparel, sych as gl gves, rn.in nmedical,

i ndustrial, abrasi &9?? g %mwhaﬁwmﬁyaﬁ#ﬂ%ﬁﬁ%gﬁ%cﬁ o defense
penetrating forces are experienced. Exanples of penetration forces

resi sted by t ad protestion agaidstpmmictrationcredeincludingeytting, shearings and slashings |

I ncl udi ng : high-speed rotating bl ades; shearing by scissors or bl ades;

sl ashi ng by hiforess, evenydigret dpethatedinishinetts applicdar exessivefopceaingd, and
puncturing or piercing by needles or pins. 25 BACKGROUND OF THE | NVENTI ON

Nurmerous atte iﬂg%&ts*ﬁ‘é‘iteﬂﬂ’éﬁrhu%‘éé %g Eﬁgﬁﬁﬁ%&;ﬁ%&ﬁh&% éx%él}e%% ant

fabrics with supple, tlexible, , , and tactile

characteristigs, The 02/10667 / USQ1/ 21541 . cut. hear, sl ash,
punct ur e, anﬁ%’%?%g“%%&%f%ﬁ%@%@%&mﬁmfw Wéﬁf?‘gﬁorcgsmorrpl i shes each
of these necessaryTgo?l s..A further_ advantage of this ifnﬂ\{e tion

e 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  otber by means of a material substrate.

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

20  and other environments in which penetrating forces are experienced. Examples of
penetration forces resisted by the inventive fabric include cutting by blades or
saws, including high-speed ;otaﬁng blades; shearmg by scissors or blades;
slashing by knives or shérp-edged, aBrasive, or éerrﬁted objects; and puncturing or
piercing by needles or pins.

25 BACKGROUND OF THE INVENTION

| Numerous attempts have been made to fabricate penetration resistant

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



I's that i.g\;{;i s readily adaptable for use in conjunction with conventional
liquid ba¥PP%EWE67 An” additional advantage of this fabric PSTUR21541 can be
constructed using 5 breathable materials to increase wearer confort,

especi al | y duchighesxistashappnciyes, pudipierst resistans fabpic of 8us inventipiy nent s nade from
the inventive fabric. An especially effective and highly desirable use for
this fabric i scéomiplishesdaeh bf theseglecssesry gagls.oh furthet edvantnge bbthisimeentioand ot her
garnents. G oves and garnents constructed fromthe fabric of this

i nvention fi ngs ghaeitidrebdify AMBEHBIR fortide i\ ChafincHo IR RorfyeltiGihl ﬁ@gal of

tactility is required such as gloves for surgical use. The bric is also

useful for sper . r p LN fi.shi . hunti ng,
and simlar a%ﬁ??gg%&@%g&e@%ﬂ% goarﬂﬁg%t%%ﬁégﬁgﬁ g%tgeeoc o%l?‘t?)%]'h{aﬁlgmlg]abri c of
this invention are_useful for, protecting the wearger, frqomindustrial

injuri es i'ﬁ f XEeathab ,afsﬂale&ﬂfg&emwwr profort, especialy dyring@itendsdndl i ng
facilities, and in other such 15 hazardous environnents. Due to the rising
“numbers of wopadeds ofowe Rfpretestivagiroente made fromrthe invertivefalrin s, there is a
strong demand for an effective and user-confortable protective barrier
agai nst these body Anigspediglly ifeetive ad higlydésinagle vae thrphie fbiriodgs foneapons.
Furthernore, public safety personnel (police officers, fire fighters, 20

palr airedi CS. " afotbitlg16 @ ARAR! vl R, BRNGHA Bl B3t POT SON, 2

corpse, clotfiing, or other objects are in great need of protection from
1ot hreat eniEAER Y Spraee BRY T e BUPR AR ROE S pbh ettt
protective gl Qves, and body. nor .are_. generall f a knif or woyven
construct iEiBn. @W&&‘eﬁﬁ/}i‘ﬁﬁkﬁﬁ]ﬂfﬁ%deﬁrWﬁié@”ﬁvﬁ? I SWEios} Beect i on

agai nst bl ade cutting, such as knives. It provides even less 2 WO 02/10667
PCTI USOL/ 2154 Thediltricds also usedigldbnsportapeapls and antdoses pegplecnpegedin fighing, such
as serrated knives, saw bl ades, jagged netal, or glass. And, it provides

virtually no phuotigs ahd sinilyaactivities. Gloves and garments constructed from the fabric of

this inventjon are useful for protecting the wearer from industrial injuries in
factories, on construction sites, in solid waste handling facilities, and in other such

15  hazardous environments.

Due to the rising nombers of wounds from knives and other cutting
instruments, there is a strong demand for an effective and user-comfortable
protective barrier against these body cutting, shearing, slashing, and piercing
weapons. Furthermore, public safety personnel (police officers, fire fighters,

20  paramedics, and first responders) who must physically examine a person, a corpse,
clothing, or other objects are in great need of protection from sharp objects, which
might possibly be contaminated with a life-threatening infectious organism.

Currently available, breathable protective gloves and body armor are
generally of a knit or woven construction. Knit or woven construction provides

25  minimal protection against blade cutting, such as knives. It provides even less



puncture or piercing. Non porous and, therefore, non breathing synthetics
constit uMO 029667 constructi on of sonme currently avail abl PGRBG808L2134¢e gl oves
and body arnor. Such synthetics include aram ds, such as Kevlar(r), and
pol yet hyl enegprotectivin agrinsSyhrasiveadrrsprrattd distraynentsssuch as sayatdbknivdsesapi ve at
stoppi ng body piercing projectiles, such as bullets, but are ineffective
at resi sting bikiesdaggded MRt biv flassO rArd, i @fovidearviXtuadly o gtietgpathsobj ect s.
Such synthetics are al so unconf ortable, since they 10 prevent evaporation
of perspirati :he. wearer's skin. Another advantage of the fabric of
this inventi gﬁﬂfﬁsﬁe? aél&l&tn\g(el) provi des dependabl e resistance to )

penetration, whil 1) all ow,ng Lgase venen ue to. |t

char act eri stic f|3‘14”5?%?%@%@?3@%?%9{”%&%@’?&%%?theéﬁ%l (iii)
optionally can be fabricated of breathable nmaterials to_allow evgporation
of per spi Pat iconstructonpf some cwrsptly axelablaprotective glgeesrand body amepro Sueh qui d
barrier materials. SUMMARY OF THE | NVENTI ON The fabric exhibits properties

of fl exibili tsynthetissdatinie tpmids)sechaib Kleviay®, anholyeailglemsspduchtas et chability,
by an arrangenment of l|ayers, in which at |least one layer is an array of

pl ates conne ' -l s -Pfc‘r:éin : pl at es
are of a tou;#?,%g‘ﬁ%@'d,éﬁgﬂggﬁ g%fﬁgﬁﬁgﬁg hggﬁfg%gg a?ﬁ%ﬁé}?%ﬁ%%}f ri eJe-g{r}Es’bri ttle.
The substance type anpd the thickness of,the individual .plates will differ
accordi ng to%@gﬁw‘ﬁﬁ%gﬁ%ﬁp EhyepLr %Pﬁ@@“?ﬁa%ﬁ?ﬁgﬁ”f‘gesﬁﬁg&‘erb@%t or -
penetration resistant and the |l evel and type of force to be resisted. 3 WO

02/ 10667 PCTIooGmeed edger objects. Sushisyntheics grgplsosansoptfontahle since theywhi ch at

| east one of the layers has an array of plates. The plates in an array
mai nt ai n 1@ sprewt ewpatation sfperspirdtion dmahthe wdaser’siskimeans of a materi al
substrate. The material substrate nay be a connecting material to which the

pl ates Another advantage of the fabric of this invention is that it (i) provides

dependable resistance to penetration, while (ii) allowing ease of movement dueto -
its characteristic flexibility, bendability, and twistability, and (iii) optionally can
be fabricated of breathable materials to allow evaporation of perspiration.

15  Alternately, the fabric can be fabricated of liquid barrier materials.

SUMMARY OF THE INVENTION
The fabric exhibits properties of flexibility, bendability, twistability, and,

optionél stretchability, by an arrangement of layers, in which at least one layer is
an array of plates connected to form a generally two dimensional sheet.

20 The plates are of a tough, hard, and strong substance that is not friable or
brittle. The substance type and the thickness of the individual plates will differ
according to its application, such as whether the fabric must be cut or penetration

resistant and the level and type of force to be resisted.



5 are affixed or attached and it may becone an integral part of each of the
pl ates i nWOPEO8$T ay. The connecting material interconnecPSTAURM 24t es so
that the plates are spaced apart from each other- throughout the array. The
connecti ng mat er i aThgifahsic is eomprised hElayers.anvéieh qimng@@&ﬂhﬂﬁﬁmhm ng any
force that inpinges upon the fabric or any plate or plates in the fabric
anong the sur moundf pigtes) Theplates hedredyay ifaintain dpatddretionship witladachf t he

i mpi ngi ng force off any one plate or group of plates. This property of

force distri bigldpBy aHARNSESmhR8aISHh@REG h of the fabric without requiring
nore dense plate n%teri al, thicker plate material, additional |ayers of

pl ate arrays, stro r i lal s . el ci ng
properties all of %@%gg)gterggﬁd&lb%ﬁﬁb?@&ugég% T Hf%ﬁgggglg%@?%ty
twistability, and _optional 15 stretchability and increase cost. The
connect i ng%rrataﬁ’%gf‘g%? a‘é’&%‘é“ﬁﬁé”@rﬁﬁﬁ?‘iﬂﬁﬁ?%t of egg ‘?fﬁg??lﬁﬁeﬁp’cy of the
plate array |ayer by providing a highly flexible nediumbetween the solid
pl ates. The f iteodrtay iThg cosnesting inaterial intetpennesisthe plates so it thegdates arat  t he
connecting material provides spacing between the plates, which is referred
to in this di spidcedap@t A6midach other throngheut W itayaThe volroiihg@atatisl dongi ng 20
bet ween the plates, providing suppleness to the fabric. The connecting
material is SeRB!# i hiB8sd i kbd 98t 1 hdnvigpt i ve fabric
@%{)6 g{n% S c{fdié&hlﬁ;i% r%,ﬁ{’ \?ﬁi l&ﬁt]ﬁ:’[glﬂ%&Eu ¢hVihe

as the continuous portion a plate e the plates thensel ves

are sonetines err S he . di ntin porti e ate | ayer.
The materi al s‘f% ctorrzfﬁgpir%g%/%ﬁ%%slgéﬁieaé%xg%%nﬂﬁérgfﬁrU | ggl\%rﬁ%‘ﬁg’ﬁ%& | ates are
25 affixeq or attached_ and jt beco an jntegral part of ch of the
YRR Nl 1 R PRl AN, S A W R i
interconnects the plates so that the plates are spaced apart from each

ot her t hr oughddsis nrppertyraffyrce Histribution enhanessithe strepptberfihecfabuawsboutng

material (although to a | esser degree than the connecting material), my

al so. di stri heguiringwiofeatenss flita makerial, igicleer plaveatzeial, additionablayaywfpl at e or
plates in the

plate arrays, stronger bonding materials, or other strength enhancing properties all

-

of which reduce flexibility, tactility, bendability, twistability, and optional
15  stretchability and increase cost. The connecting material also adds the important
property of flexibility of the plate array layer by providing a highly flexible
medium between the solid plates. The flexibility is due in a large measure by the
fact that the connecting material provides spacing between the plates, which is
referred to in this disclosure as the gap. These voids allow bending and hinging
20  between the plates, providing suppleness to the fabric. The connecting material is
sometimes referred in this description of the inventive fabric as the continuous
portion of a plate layer, while the plates themselves are sometimes referred to as -
the discontinuous portion of the plate layer.
The material substrate may also be a base material to which the plates are

25  affixed or attached and it may become an integral part of each of the plates in the



5 fabric anong the surrounding plates, thereby taking the entire . oad of
the i npWP2W6é7%rce of f any one plate or group of plat eRCTTH913E53¢
material, like the connecting material (although to a | esser degree than

t he connect i mgragnThe bade)materid] smienoomecticthe plates isd iHat the plates dve spaledi c. The
base material may al so be conpressible in a direction perpendicular to the

sheet of the aBag GoffféRh lotHer thiGigholl 180 afrhy. THAYbabEmatbHall HEé fitltofindctinger t ai n -
applications such as when using the inventive fabric for cleaning,

scrubbi ng, sandir | MRS J &gﬁ) lLyeations, the
pl ates are aﬁ%%(gﬁﬁﬁﬁﬁféle{%%?g%se ma eecrhlhglxﬁ%n avo sg)r' acking. In
ot her words,,, materials .acts |ike ock absorber. -The, connecting and
t he base mat é]ﬁ%gé@e ﬁ%?%‘i?patbﬁtrlfnpb%ﬁ BRo ﬁxegﬂglc&r anp[??e QuplRes I Be r Surfaces.
In the fabric of this invention, the base material may be conbined with and

provi de s@ppdabric aspongbe sirroppding|plates; thesebyirking the enties load aEteed wit h

connecting nmaterial. Alternatively, a layer of plates with connecting
mat eri al may imppeing forcetaffirfy anelpjate or gtopp of plates The basemteaitfilikedinenl | ayer s.
of plates with connecting 20 material. The inventive fabric may conprise

one or nore hafkecHBf Aiatetlal (dAhyesed a lb@eeddpede thin the@bnRtingBiateria®nect i ng
materials. The fabric may be conprised of one or nore conbi nations of base

mat er i al typ%fso@ﬂ%ﬁ@é‘fﬂ&&ﬁiﬁ%ﬂ%eefatﬁ& THPRe ma‘fnég-%?g%tg%g%é acgﬁl'b?%(ssﬂ{e pl ates.

These | ayers ma I'n vari ous stacked arrange yer may
have vari ous .pl ate configur.ations. The base.materi al . the 5 WO 02/10667
peT US01/ 2154k & dgriree T RRlsE R e s OB R AR RS PRSI AT o The
base material or _connecting_naterial may be breathable or may be a liquid
barrier. 18 r dgsisablaingertyia applisabanysuchgs Bihge using therinyentiye fhwicdaying a singl e
plate layer array on a single connecting material with a single base
mat er i al begichesming, scsuhhing, sansing, gr othanshrading pumposssi I thesoapplisationspt erial . A
tenplate of the plate |ayer
the plates are able to sink into the soft base material and avoid cracking. In other
words, base materials acts like a shock absorber.
The connecting and the base materials may support plates on one or both
15  of their surfaces.
In the fabric of this invention, the base material may be combined with and:
provide support for one or more layers of plates interconmected with connecting
material. Alternatively, a layer of plates with connecting material may support
itself only or support one or more additional layers of plates with connecting
20  material. The inventive fabric may comprise one or more base materials layered
together with one or more connecting materials. The fabric may be comprised of -
one or more combinations of base material types and connecting material types,

each with an array of plates. These layers may be in various stacked arrangements

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




array.is then positioned atop the connecting material. A suitable substance
for formWQ8HIGF7 the plates is printed onto the connecti RETAROLIISH
through the plate pattern:array of the tenplate: and the tenplate is
renoved. Depenuimepting niderial mapt amor wafven tewgpieatfatsic. tThe hasameterinkyr be

subj ected to curing or other post 10 patterning treatnments. If the

connecting mat&@mhédting %ﬁ&a@hﬁ?b@%ﬁaﬁﬁbﬁ&i%ﬂy&i&aﬁqﬁlﬁlmﬂéﬁe of stretch of
the fabric nmust be IImted the fabric over stretches, the spacing

between the platesy g?py éeﬁ'tﬁﬁw‘?@ﬁ@th&&’o Efﬂf.@ctﬂl%%'f‘i?aﬂﬂ?: %@QEQ netration

Is permtted. Sever arrangenent s or mting st ret able. A
non stretchable fiber 15 may be affi e el orrer nnegt i ng
material in suBkT myntaﬁg)tgi/qqqnp%ng qnagwg;ﬂ&ﬁg{g agcplga(}e&ag s&élfl ber
has slack. As the fabric stretches, the slack is taken fp At the end

poi nt, whede reesiisnimegonrseting material stop hesemasterial. Aernplatecof the plate 1ayene fi ber
prevents further stretch of the elastoner. O her neans of limting over
st ret chi ng i nvatayds fhed positderedatp thé comestidgmatedicd b Aesuitabls sulestarioe formi t i ng 20
connecting material at selected portions of the plate array, with due

regard for thegprhithal of%lﬁ@ﬂﬁlp&ﬁﬁkdfdﬁto fhb orrRBlinCmattRS thidv Ehe\iﬁaté abric can

be fabricated to be worn onthe body. O, the fabrlc may used to cover
and protect a Q@gﬁ gOr sl ashing
i nstruments f %gl nin b%g%%eg%ﬁtt%&t% ?a?eig ar p- edgeg %%?*haces or from

causi ng damage er sqQns hei.r, surroun envi r.onne 6, WO 02/ 10667
PCEIJ'/ IUSgll 215?1 S“letﬁ‘gc ‘ﬁgl@rﬁ!‘? Et? é’g‘? F’%’%ﬁ& uf"ﬁ’ %?\é/'[{né'n%?rf‘f RS mat erial s as

may be necessary to neet the design, strength, dimensional, and other
speci f i catifonspattemingseeirees. appl i cations. A particul ar f eature of the
I nventive fabric is that while the plates thenselves may be hard the
connecti ng nat eri allf theycomsectingymaterifil i lelastonterib aratiaial, ¢he degrest afisiretch and
stretchable. In other words, the fabric has the property of
of the fabric must be limited. If the fabric over siretches, the spacing between the
plates may increase to such a degree that unwanted penetration is permitted.
Several arrangements for limiting stretch are available. A non-stretchable fiber
15 may be affixed to the elastomeric conmecting material in such a way that in the
fabric’s unstretched state the fiber has slack. As the fabric stretches, the slack is
taken up. At the end-point, where no more slack exists in the non-stretchable
fiber, the fiber prevents further stretch of the elastomer. Other means of limiting
over stretching involve judicious use of non-stretchable or stretch limiting
20  connecting material at selected portions of the plate array, with due regard for the
final use required for the fabric.
The inventive fabric can be fabricated to be worn on the body. Or, the
fabric may be used to cover and protect an article or substrate such as cutting,
shearing, or slashing instruments from sustaining damage to their sharp-edged

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



being locally hard (that is the plates are hard), while retaining gl obal
suppl enewW® 0246666ss an expanse of the fabric due to the fPETIUSOIRESYL of t he
connecting material between the hard plates and the softness and
flexibility of thZhé&amentin fabiicinay Tiverpdrate diffaring rhatenidls asmmgy been exhi bi t
rel ative softness and conformance to the body 10 or article over which it

is draped. Thé‘ce@éiﬁrfdrﬁ@et‘ﬂie &esﬁg?h, tAdlpth, GirfdHsTonBIR blid 6the? S6HicMionsifbeat ment  of
the fabric with iqui d resistant substance resists mgration of fluids

h h th
T, B RN TR LT | o
SERPHC AP A VSRR

specification shows and descri bes certain enbodi nents of the invention.
However, &s hpadablsetwistablesand stretebablay Bnethetsverds the fabris has hetirepedty ofuner ous
arrangerrents of its constituent elenents to neet the requirenents of

vari ous uses beihg ldvally handi(that isi thérplates degleard), whilé retainingesichead seppiénesshe 20
present invention. For exanple, the fabric may use one or nore |ayers of

plate arraygerofih GBERRIOT M OHhbiiO Budlothe Aobility6f th B ﬁﬁ?dﬁ%ﬂhﬂe“t ical or

differ in any one |ayer or from ayer. to layer. Variou am nati ons of

pl ate | ayer corrprl se
t he mventwggtgh é‘??hé %la{ég ng ysa{cﬂ@sggng\%&ﬁg@l and E%SCI‘I p |on t he

I nvention set fo. n this ficat are onl | | ve|n

nature, and rRYeRFYRE Emaygvewe:@%ﬁﬁ%gggﬁpﬁﬂw g‘ﬁkg

DESCRI PTI ON OF TILE DRAWNGS Figure 1 .is_plan view of a_ fabric enbodi nent

havi ng al@t aekagele|oypewhich it lsmam@ Zheiaddilipnsef q sitabl echqugh erdpyer 88; a

second superi nposed staggered |layer of guard plates on top of the first

| ayer of guatmatpieat efthe fabdicavittha Highid x¢sintand sulistapee resistsomigrationofdlupdsat es on-.

top of the second | ayer of guard plates, which together cover the
through the fabric.

Further objectives and advantages of the present invention will become
readily apparent to those skilled in this art from the following written description
15  ofthis specification. To illustrate the invention, the DESCRIPTION OF THE
INVENTION section of this specification shows and describes certain
embodiments of the invention. However, as will be realized, the inventive fabric
is capable of numerous arrangements of its constituent elements to meet the
requirements of various uses of the fabric, without departing from the scope of the
20 present invention. For example, the fabric may use one or more layers of plate
arrays. The geomeiry of the plates of the fabric may be identical or differ in any
one layer or from layer to layer. Various laminations of plate layer arrays, base
materials, and connecting materials may comprise the inventive fabric.
Accordingly, the drawings and description of the invention set forth in this

25  specification are only illustrative in nature, and not restrictive.



entire fabric area. Figure 2 is a plan view of the fabric of Figure 1
showi ng orWQ 0gMes6¥ i r st and second guard plate | ayers and ROT&S6b21581 on of
bondi ng spots for bonding the aperture plate |ayer, but not show ng the
third exterior |layer of apeBRIEF DESCRIPTION OETHE DRASWVENEGSntially the
sanme as Figure 1, except that the position of bonding spots for bonding

the second guard plBigere loig plantview bfa fabric embudindnihavirg a stagkeof layerss aown.
Figures 4A and 4B are cross-sectional views taken along the lines A and B,

S ah and 48 . .
respectively, g Eﬁ(glpﬁga é%’é?tr éfg%{r?ﬁigﬁte%f'@é’&c&gi @?ggg?ggeh%fagh&w%me

position of 15 bon ondi ng the Figure 5°is a plan

oo S ARG AR MR A e P el a81 | 2
aer o1 0UTd B SR ooy SLodent g, SRS ARSe L o e

view of the fabric of Figure 5 showing the first guard plate Iayer, the
aperture pl at eentirgébricarsd. t he 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 FigurBighreshiowiphth i@ of thedshricaafFigure d8bowing oplsthé fifyn amf
bondi ng spots for bonding the second and third |layers. 8 WO 02/ 10667

PCTI US01/ 21541 ' ; " i ; n al ona the
T L e T A R B o AR R e o

ow ng tThe position of
enbodi ment of  PRETIRE s e AR o it Selafe B Peiiefo . agger e
lt ﬁge][ Z b?}c C?@? r gi g L?éi%glfe 3Fiis ssential yotﬁe (s’j‘arl.!x(lje alls Fci]g?,urg1 r1,e ex%crq?tstﬁz;tstﬁg Igci’s?tino?ll ofvi ews of
bonding spots for bonding the second guard plate layer to the third guard plate
layer is shown.
Figures 4A and 4B are cross-sectional views taken along 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 layers.
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 entire fabric area.
20 Figure 6 is a plan view of the fabric of Figure 5 showing the first guard
plate layer, the aperturé plate 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.



taken along the lines A and B, respectively, showi ng the guard piate l-ayers
i Nt er po0 0WY667 base naterial. Figure 11 is a plan vi ew RET/HSGLRS4er

enbodi ment of the fabric having three 10 identical superinposed guard
plate |ayers. Fi grig@®s 8AAndrYB dr8 Brozs-sectional sAevectakemalbng thedimenA anfle f abri c
of Figure 11 taken along the lines A and B, respectively. Figure 13 is a

plan vi ew OfB%ﬁiegﬁﬁel?rmW 6 fnd N endviibg it positited bbiding spotsfor | ayer

havi ng a patter non- tical guard plates. 15 Figure 14 is a plan view

of the fabrigc aof Fi 13 showi ng the second |ayer superinposed on the
first Iayer.b%%%tbg%’gli' and 15B are cross-sectional views of the fabric of

Figure 14 taken glong the_ lines a B, .respecti.vel .show n he | ayers
i nt er posed by a %‘&E’@%ﬂét"eﬂl%ﬁewéé aﬁ?rlg%freé““fgﬂﬁ?g‘é’fﬂ\;‘rea%b% EW ﬂrgﬁ '
addi ti onal enbodi nent of the fabric_havin first and second superi nposed
st agger ecs | agmsksscand syperieappsedtstaggered laversot gumdplates 78 are cross-sectional -
views of the fabric of Figure 16 taken along the lines A and B,
respectively, shoPigaestlDA dndyl@Bsaré aioss-geotienhl viewes ofbe fabriaoEFigate 9,9 WO

02/ 10667 PCT/USQO /21541 Figure 18 is a plan view of an additional

embodi ment O{ak%mf)ﬁgﬁfenﬁlebavm,r&dpe&lvemdh@@@gru@b W?lat&l@ﬁ@d staggered .

| ayers of guard plates and a third intervening | ayer of aperture plates.

Fi gures 19A and r -sectional views of the fabric of Figure 18 5
t aken al ong Fﬁe@%ﬁgﬁggai’agéng‘%%@?espectiveI y, showing the aperture |ayer

positioned bet mﬁ%u{f%\ﬁl ]Isshe éqs:w%& ﬁjﬁ?@“e?tgﬁ%éﬁ%ien%%ﬁab%%ﬂa%in%tﬁ)rlegn Vi ew

of an enbodi nent

3

10  identical superimposed guard 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 view 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 of an additional embodiment of the fabric having
first and second superfmposed 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.




second superi nposed staggered | ayers of guard plates and a third
interveniﬁﬂ”@éﬁ" of aperture plates. 10 Figures 21A andPOHBSH24541
cross-sectional views of the fabric of Figure 20. taken along the lines A
and B, respecti vel Figuaddisaplameewmsan additionad embodimsatiefdbe fobrie Baving base
material. Figure 22 is a plan view of another enbodi ment of the fabric
having first fastdndesent sapuinipoksdkiapaeret tyyesufgndplstedsndsd thivger ed | ayers
of guard plates and a 15 second intervening | ayer of aperture plates,

t oget her covekiRgehi g ' (o surface. Figure 23 is a plan view of
the fabric of 11Ilztiglg"ure % sI)II; 'eIIgII% iEeIesI’i rst guard plate |layer and the

I I ; ' ' ' h
Second guar a p gﬁéﬁ%?%ﬁ%%@?ﬁs%Ei%%f%@%ﬁ?ﬁ%ﬁ%ﬁ%%ﬁ%@gﬁgECI onal
' ' - 2 . ' A B and C,
{eepect i vely. tegaeeshe fackd O, ribeabvol: AHOVHG RasmBte fost PORCORS f abr i c

having first and second superinposed, staggered |ayers of guard plates and
a third and t dptwespéwo shastspifdase thafpmal, whi ch al so shows the position of
bondi ng spots. 10 WD 02/ 10667 PCT/US01/21541 Figures 26A and 26B are
cross-sectional vi @yaweD0 iseplhebiewdfah ehbodit@ntst th Ao haVingdrst el | i nes A

and B, respectively. Figures 27A, B, and C are cross-sectional views of a

furt her embodigRil sufériniifed fhidefeddhyckdbimbrlifibl A LORBHENBANIYAGS Pl ate

arrays having 1 ntegr W re-nmesh rei'nforcenent. Figure 1S a

pl an vi ew of anpgther di ment conprising a first layer of hexagons and a
second | ayer 8?%%&5?5@%%‘grans. Fi gures 29A and 29B are cross-sections of

Fi 28 tak I | i
Hgure II)a en a %Iglresl Znﬁf an% 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 view 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 24A, 24B, and 24C are cross-sectional views of the fabric of
Figure 22 taken along the lines A, B and C, respectively.

Figure 25 is a plan view of another emb;diment of the fabric having first

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

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

10



and B of Figure 28, respectively. 10 Figure 30 is a cross-sectional view of
anot her #oaflogeht of the fabric of this invention conpriGi/uspiaiIsset al
guard plate layer. Figure 31 shows a cross section of Figure 9 using netal
for the guard pl &igaes 26A exdl26B arparossBectionabviews 82the it afFigire 25216

medi cal needl e inpinging upon a netal guard 15 plate fabric enbodi nent.

Fi gure 33 i S tikefil: &hihésM and B] RY¥pefivélyf abric that is a hybrid of
wire-mesh and netal” guard plate fabric enbodi nents. Figure 34 illustrates
anot her net hod f Okg: ' F‘léh ' /[ EL 5 o furth OF THE.
| NVENTI ON 20 | I\I'I'R&%%%%Q]g’ ,pﬁl%&%&?’%&g&o&rﬁeﬂg 't%fea present 1 nvélglgt\li onis

to provide a fabrigc.wih. .superior penetrati,on resistance,. whil]e t he
sanb i me. Ok R o in G ERRan pambitRe e Pl RERpERTRE jutoBabEeR ng on
the intended application, the fabric can also be constructed to provide
abr asi on- f esivdresmesh reifereemoness, enhanced grip 25 characteristics,
breathability, and other desirable characteristics. 11 x s WO 02/ 10667
PCTI US01/ 21541 EXinhablag iCi\pian VieR\d ahothas ambodimiehiconypeisingtefirst lapetiofy of t he
i nventive fabric, an explanation of sonme of the terns used in this

di scl osure | hepigoms a6dla setofd RYEY sHpatdlRbgedmd.he terms is not intended to be
either a definition or an exhaustive explanation of those 5 terns. A full

under st andi ng of tH ' tions, the

entire witten degggfi’g% ?%Ang%qiﬁéﬁlcgo\%g%%ﬁéﬁg%?ﬁ%%ﬁaﬁﬁ%aé%g %h‘% cl ai ns

set forth in tEJ:BS tCB"SCI qgure i& (ionj unction wth the common under st andi ng
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 gnard
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 that is 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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of those terns by one skilled in the art. "Aperture"” refers to an area of
the fabri 106G vered by any plate when 10 two or nore BFRVEWH§Hrs are
superi nposed on each other .or, in other words, it is an area of

over | appi ng gZNPLANATION OF TEBM&y two or nore ‘plate | ayers superinposed
on each other. "Aperture plates" are plates that usually have a smaller
area and cover a Sivedssishwilixihe nsdersindimgof the mventivesabrip, an ¢xplanation of
General ly, aperture plates are 15 positioned to cover apertures not

covered by supemepttasmpinedinthiaidscloserisprovidas.e ldnation ofthers to a
sheet like material that is generally a non- woven fabric. A layer with

connect | ng_Rlblsak niiBichfdty BPGAE] 8ol 87 n ofFRlfvb ShpluiinlbaRoRt o1 | 2

provi des resistance to ric tearing and over a o the fabric.
The base terial e selected.for, . anon t her 20.characteristics,
flexibility, %?Wn%{“b%&ﬁla' '%‘“%ﬁ%ﬁ’ﬁﬁ“ttg}”f'%{%q% © &here #gmgﬁlgte subst ance,
conpressibility, liquid inpermeability, chem cal resistance,

br eat habi | i t y eXpieatigashoeutire yriten desaiiplipnon] theiaventiongihe drawipgss and theoduct
made fromthe inventive fabric. The base material provides horizontal and
optional ver tclaimb sétrfortiyincthis disclosure e cdrgimation withdhe ¢dmemeod andesstanding
established on the base 25 material, whether or not the base materi al

supports a copféisé tEmeby ohd Hilledinehdrase 12 WO 02/10667 PCT/ USOL/ 21541
material allows the substance of the plates to penetrate into the base

terial : and/or« fio FBHEN  al maybe,
materia anaror pk%eﬁ‘&g’ef er &%ﬁ@fﬁ% @éghb@éwefgﬁ%yggiﬁla@%ﬁéﬂ al maybe

but need not be, enetrate stance to eve optinmum
bondi ng w,th the plates., .Exanpl es of suit abl terials for hase material
are. nyl on L0poIa e Epre Betg e A Fiperimpatid i vofhy fferin i e o e
"Connecting material" refers to a porous flexible material. It maybe a

| oosel y woven apareiaf ogerlappingigaps ing fenchayingfsiops marg plateday®s n f abri cs of
this

R

superimposed on each other.
“Aperture plates” are plates 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
material. The base material provides resistance to fabric tearing and over all
strength to the fabric. The base material may be selected for, among other
20  characteristics, flexibility, strength, bonding characteristics with the plate
substance, compressibility, liquid impermeability, chemical resistance,
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



I nvention, an array of plates is established on a connecting material. -For
certain WhiHWs¢Ae fabrics, the connecting material may RCWUSIMItMEd on a
base material. A 10 representative exanple of a suitable connecting
material is modtsriad eBowsthiefshbstanc®lof theqdatesiotpenegiratainto thelbasemstsriebt ed for its
porosity and flexibility. It is also selected for its ability to provide a

connecti on behidfeet diheteas thabade inayeial aTke Ba3e niatetiabhial beyout aecdidtdece t he
resi stance of a plate to debonding stresses exerted on the individual

pl ate by spr 'tPaQedté}ﬁth j : éﬁiﬂlﬂﬂ o dis r | ates -
rat her than %ggé:once trgﬁ%gitbﬁgn%gaﬁgﬁeﬁgs orce?hg(?\]ﬁgvﬁhr%?{gﬁgﬁsgte or a
few pl at es. en t he es ar. st.abl i shed, on_the cqnnecting material,
whet her or ndt<@PRes 3ﬁﬁ§§h%ten§§?%rrqag?rqa %88?’{‘]’8&03# hase material,
the connecting material aJlows the substance of the plates or the bonding
of the adfesiPplyaraspide.peryhicaandcellylosemstariale  t hr ough the connecting
material. 20 "Fabric" refers to the inventive fabric of this disclosure. It
is an arr angenment‘Cohnering exddrialiwefdrafoca porows fitxibla mabterial.altemayite mn or der.ed
array of plates. Each plate array is naintained and stabilized in position

by a mat eri alleosEBCkovtndhiiric ¢'d wib 6Bfibddeortind® [Fos berthiwfabgics oNhECt | ng -
material, on a base material, or on a connecting material supported on a

prates 13 VB BIPRRT KRt PR SN opnehiEle ot wof oy TP Y

usual l'y have .a.lr.gek. area and cqver l. ar ger xpapse. of, the fabri¢ than
aperture pl aﬂ’é‘é@ﬁgi@w’s’ ETORpEC Iaﬁelaaﬁlngasy b&S%Bﬁ%{fe s°“e%a§8 geqa;, A '
connecting or base material. In a plate | ayer, plates are not directly
connect ed¥t o repyesentative pxample ofa stggybffesanp?@mgrmq@gaéls(gﬁlﬁstegp o tlens t he
positions of the plates relative to each other in an array and naintains
t he gap bet weennesiipgowtariapisselssted for itg porosityfand dlexibility. Itrisiagb geledted| at e- | i ke
object. A plate nay have any

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 n‘1ateria1, whether or not the comnecting
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 penectrate
through the connecting material.

20 “Fabric” refers to the inventive fabric of this disclosure. 1t is an
arrangerﬁent of at least one layer, in which the layer is an ordered array of plates.
Each plate array is maintained and stabilized in position by a material. Bach plate

" array may be established on a connecting material, on a base material, oron a

connecting material supported on a base material.

25 “Gap*“ is an area in a plate laj'er that is not covered by plates.
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suitable shape. A plate is generally planar, but need not be. In a

penet r at | MO OFE6Tt ant i nventive fabric, the plates are c®GIUSAL2SH of a
penetration resistant 10 substance. The plates may optionally have ot her
characteristics, su¥imesdpletesasmeplatesthatmsually habve & birger areagindicgraa largee t erm
plate refers to both guard plates and aperture plates. "Registration”

refers to supesipanesofiig fabric thafiepertigeplawd. or nore plate |ayers in proper
relative positions to each other so that the penetration resistant 15

fabric provides naxd ' | le-1ike or
| C provides mnaxep Q’%rﬁg%gﬁgféﬁlﬁté &ﬁb&fd@&‘ﬁ?co?ﬁ@étﬂ%tor'ﬁﬁéd |

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

to mnimze the, si a aci of aper.tures of t fabri,c. ~Substance"
refers to the ’é‘?ﬁ%‘?ﬁ%ﬂg@%’e&rlﬁ%ﬁ?Pﬁﬁ‘@ﬁ?ﬁfmﬁ‘@a% %afcg e{:'hT% he pl at es
are constructed, as, exenplified by an elenent, conpound, glloy or 20
conposi ti om: W@ngﬁ@gtoahwww%@%agﬁ@ewgﬁﬂpnwfgﬁ@wﬁﬁ%‘w&oﬁeﬁh friable
or brittle depending upon the application. The substance type and the

t hi ckness of  other iplantway end inaigtdinsthe gapr betwent adjasentelates i on resi st ance, for
out resistance, and for resistance to other forces depending on the

encountered | evel ofpher¢efersid aVAddAddd) plate-IESTdbi608 LAD1did tnay B NedyPLES OF
| NVENTI ON A typi cal enbodi nent of the fabric of this invention contains

multiple 1aye r . | Pt]mr [ - L.ayer
connected to a gglfgs i%f]iﬁg%tlggeto&ﬂg ase’%?%%flglbﬁg‘ﬁ aa#’egver ogy of
connecting materd al...-The. rd tes are nuf.act ured. of a . sybstance
celocted for i aepatieyd SRS, Beblifisdfe SRt SO RER P pBralded
features of grip enhan emrant and aprasion resistance, . The base materi al
provi des o¥er afd stg@qeer’@m ates mapontigpalhhave ofher; dhaseptorstics suehas epBancedar  ng
and overstretching. It is selected for its flexibility as well as its
strength, f orgip sndebrdsianyresistaosn Theitar plate referatebothiguardmdades andd f or ot her

desirabl e features.
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 may be tough, hard, and strong, and not friable or
brittle depending upon the application. The substance type and the thickness of
the plates will differ for needle penetration resistance, for cut resistance, and for

resistance to other forces depending on the encountered level of force.
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10 Gt her characteristics may be inportant for the base material, .such as

br eat habWO 22066dnd washabi | ity, dependi ng on the use of w®eENSON2d54pr oduct
made fromthe inventive fabric. The connecting naterial is selected for
its porosityPRINCIPLES OF INMENTIONS al so selected for its ability to

provi de a connection between plates in a layer and for its ability to
enhance the strengttypichl dntsodiraast ofdiefabric 6fthisithwdntion tontains aulidpld t he base -
material. The conposite nature of the inventive fabric nakes it possible to

realize |ocglyby ofigiad platedivith B dtaitf Slate@fdalh MijeflcordBiel W £pasand Cut

resi stant pl ate features: At the sarre time, thé fabric may exhibit global

(that .is ove t ar sof t ness
and flexibili atg)to% art%ggleﬁ%gl[ erl a @eﬁh&ﬁf&%@e&%ﬁw ’I%atg{eiétldal chosen
for a par icu udi Ci ection of substances t he
fabric of>thP tqs ‘Hﬁcltl%eﬂqf asp °Sséﬁ efﬁ!a#gée%tta@&tsosatem@?nc f or ces.
The fabric is not designed to resist ballistic forces due its inherent
desi gn. The ped guionially forraddedfertumesiof grip gnhansemantoind abrasion|resistancef or ce
dictates that ballistic inpact involves a |arge degree of fiber tensile 25
ext ensi on an@hebiseshateial revidesaverhllstength tothe ditaic, inchatisgregistancd #or ger t han
the 15 WD 02/10667 PCT/USO1/ 21541 size of a bullet. This nakes it

critically i pighsafd ovdi@tettifhg, 'Iﬁd é&lécfé&'féﬁﬁ‘ﬂéubxﬁ%}ﬁ\#éﬂ&slﬂbﬁengtﬁe f' ber s-
with high tensile strength, rm ulus, and energy to break. A's
the tip

situation oc f

size of the? Iluna!) %fﬂgﬁe 'S su |p(132|ﬁ%%t‘ﬁg{ah§ Qﬁdforlthltﬁl%?gi rame{eatluj-ege of o
penetration retc d.bre f flbers | In the
process g(g é gé&“%i‘fﬂn"etWB r}‘g”?“éb?ﬁeéna% e raﬁ B‘%‘P% needl e
can penetrate fabri c Si Eﬂy by openi ng up gaps between weaves A needl e

penet rati on padwashsbility,sepensting onithe ysqref the finalavadnat made fpm the t ensi | e

extension and breaking of fabric fiber. The design philosophy nust be
f undanent al | ynventifecfiabri¢.. The connecting material is selected for its porosity and

flexibility. It is also selected for its ability to provide a connection between plates
in a layer and for its ability to enhance the 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) softness and
flexibility due to the degree of sofiness and flexibility of the base material and the
20 connecting 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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10 To.provi de penetration resistance, one approach is to have a high |evel
of cover e "P/g“ﬁénet ration resistant plates to increase PGI/(SOEBEM |ty
that a needle or other pepetrating instrument w:ll encounter puncture

resi stant pl atszs of prhwilleh bFiis malds it ¢ritisallyineporianithed hallistic sesigiance 00% pl at e
coverage with three layers of plates. The term"plate" refers to both guard
pl at es and apembterisls plust et fibkyspvidohiply tentilestreffth] fodniug laad endrgy trtreakust al so
be sized and positioned correctly in order to achieve 100% coverage. The

fabrics ill UStA%ﬁﬂﬁr!sﬂuﬁoﬁl‘Uc@&sﬂ%ﬁunﬁhmgkGPiPdﬁriébY'atﬁunt?&ﬂ §pthd dip spRd 12,
Figures 18 and 19, Figures 20 and 21 rgures 22°- 24 and Figures 25 and

R
L ) bl Bl A ok S o e

coverage of the fabric surface with a two-layer assenbly is not 100% the
open area frachiough effabrive thefshipitip of ameedle tanrpenetgate faboialsimply bgwpeding ent .
This is done by adjusting the ratio between plate and aperture size, the
posi tion of thg gpsbétween wanebshW blils phidtagon poced, therfittaloes hetyers to
mnimze aperture size. For exanple, in the equilateral 16 WO 02/10667

PCT/ US01/ 21541nec&%g{?%meﬂsm eBsifh Bxﬁi’bc}@{]ﬁgé g%%s%% ﬁber.l%efdéﬁ%&exagon

I

guard plate m nor aneter 1s 80 mls an tween adj acent guard
plates is 12 m,l.s, The sul t, i s that..the open area of the registered
two- | ayer faer@%@?gr%?ség?gmg%fﬁm@é’ oen%\ddi tionally, adjusting the gap
si ze between adjacepnt plates in.a |ayer can 5 reducge the size of apertures
in atw-I®er fabﬁn@r&%ﬁ?e’%‘?@ﬁ?’ém {4BFF> PRBARAT tI%TOWGaQJE%ééYHIQPpr obe.
Aperture size mnimzation has the benefit of increased puncture
resi stance at doNexagpby pencratiocresisianiplatestodnererse dap probatilitydhdt apeedlessenpl i es
of the inventive fabric, two-layer assenblies cost |ess to nmanufacture.
Achi evi ng and othaipehétrating gnstdmenipiillehountgipabdtate registhst plateorThetbricor two
| ayer fabric assenblies.

of this invention will provide 100% plate coverage with three layers of plates.

The term “plate” refers to both gnard 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, Figures 13 — 15, Figures 16 and 17, Figures 28 and 29,
Figures 31 and 32 are two-layer assemblies. Although, plate coverage of the
fabric surface 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



10 For exanple, the aperture-size for hexagon plates tends to fluctuate a

signi fi cwa20667or differing registration of |layers in a®Cxasenised fabric.
Figures 27 shows a method of malting a reinforced guard plate | ayer using

wire nmesh. Thexageh gyardiplate adraycofiRigires\@ 10, the herdgohn, gubed platt neinorsubst ances -

may be used depending upon the application. The fabric of Figure 27 is

fabricated Ugafi@ter 1980Mnil8 aHB g%%béﬁ#e@ﬁ RdjacdR Bharl Platdd1s 12 il C
guardpl ates. The wire mash i's enbedded in the guard plate resin before t he

resin sets. gy B it g&fdﬂxU{’@@g drO e 6 })é%]faﬁng‘é@émﬂjb}u@ abGnect i ng

mat eri al , pourlng n over h-'connecti ng

material co otorm att ned |nth form of an
array of gug? %8‘55‘ 8%@? a&ﬂg:%% garPesé?P a?cﬁquntrﬁgtg.? 14 12%F %@Brbi nati on
so that the photo mask pattern has openi ngs |n t he guard ate Iocatlons
curing the gtpdﬂ@le%leétz@qfepfprhnvﬂmmtwptlm@r\fgnmetpbms ﬁ t%p gtpmgienoft he-
uncured resin between the guard plates (in the gaps), and etching away the
exposed net ah nesiiéplobewApeartitesizt einiyaipatjonttas tig bendfipdfihasased pendtaier i C :
produced by this process has an array of netal wire nesh reinforced guard

pl at es connegdsRehndd af the a obfidhs. ASTolipaldddd Aibe-1dyepRiaabliddbraannect i ng,

mat eri al, which extends between the gaps and through the guard plates. In
this disclos: -&n@ | t &@ S
referred to g{‘/'g?% g§+ ;rm;gtl?}gggﬁﬁ?h %ﬁgfebéé@f@ﬂ&'ﬂg SO ?}ﬁ #rmrs ease of 5
ref erence. An oct.ago uar. at.e arr e benefit much
reduced sen¥H % ?1;% %Iﬂéltr?ﬂ? aﬁbgrﬁ’é? M Eﬂmﬂﬂ{’h

regi stration of layers is yfromlts predetermned initial_ position,

whi ch al 1QJm5Fﬁlb¢Xa§1H1%1ﬁ1§€e4P°¥t§§ﬁ'%%erf8¥ hexagon nlaéqsmsié to fluetugin asignificapfly t he

equi | ateral octagon-and-square guard plate two
for differing régistration of layers in an assembled fabric.

Figures 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 using

15  wire-mesh as reinforcement for the polymeric guardplates. The wire mesh is

" embedded in the gnard 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 mask 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

17



10 layer array of Figures 16 and 17 (SF18), the octagon guard plate m nor

di aneter i FOWBI0RET s and the gap between adjacent guard pl RCEWSIIRISA nils.
The open area of this regi-stered two-layer fabrjic assenbly is about 3.4%
i dentical to t egethet by kenreuling thatyeal, Which grtends etiyeedfthé papsfanth thiroughf th&i gur es
9 and 10 (SF15). However, the size and density of apertures in the

mul ti-layer fabluudplfes, SF15 and SF18 are different. 15 The SF18 two | ayer

octagon-and square array has smaller but nore nunmerous apertures than the

SF15 two | ayer hexa - Qs . d ertfure sizes,
t he indi vi dual aper%%%%@%W%%Ré@@@g%ﬁ%@ég‘g’gﬁ?p%%%gﬁ%I er and
nor e numerous than ertures f t Flh . fabric. A polyner resinis
suitable for u %ae%g&{gﬁ’é&ﬁ?g?s ﬁ%mgﬁgrsﬁﬁénﬁWém%%@@ fabric. In
choosing a golyrreri c resin as a plate substance, it is inportant to ensure
a strong bohd BEPIREeh t he pol ymer resin and the base material. A suitable
pol ymer resin for construction of the plates is a one-part heat-curable
epoxy resin fornml Anedtagon-gid-squaresplate afraybis the banefit 6£fusleridtdednce
appropriate to the application of the fabric, (ii) be screen printable,

(iii) be flexi %&itﬁﬁ?iﬂﬂhctﬁéﬂoﬁ%@th&ép&?hn@%%%eﬁt@éregﬂg%tgtﬁ;Wteri al ,

and (iii) have good shape definition during printin 2/ 10667

PCT/ USO01/ 21541 | ' -ar.e _r.eadil.y, f.or ated to et. t hese
criteria and a?vgﬁyagrgflﬁ]%sm%%{ng%h%ﬁgg Pg’%g‘ﬁ% vguXIngqvgsgtlomgaﬁgqur?g%a Ac. ,
1957 Pi oneer Huntj ngdon . Val | ey, ... .PA 19006, which has _fornulated a
resin that rreeRgogérf‘?ﬁ?' ?ﬁﬁ%&’ﬁpé‘?’ i theequilaterak opiagqmiand-sqpare gand algted®® and has
given it the designation; TR21. And TR84. A suitable base 5 material is a
non- woven Hbl ylayerarmyof Figureslommnddy (SR, the petaginguardplete minordismeter is,
available fromdarino America Corp., 489 Fifth Ave., 31st Floor, New

York, NY 1001780 @tilsend theigapbbisveemadiadent gudrdiplated és 1Omin Thie GieR aveaudn
materials, nylon, polyester, polyaram de, acrylic, cellulosic, and simlar

mat eri al s. ThethiiiepidtepddaiveSay dabiidGsRBMIY 14280k 3249 SiaaitfRaMBthat bR fgd of a

subst ance

layer hexagon array of the fabric of Figures 9 and 10 (SF15). However, the size
and density of apertures in the multi-layer fabric for SF15 and SF18 are different.
15  The SF18 two layer octagon-and square array has smaller but more numerous
apertures than the SF15 two layer hexagon array. For the same guard 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 resin 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, (jii) be flexible and yet strong, (iv) bondable

25  to the base material, and (iii) have good shape definition during printing and
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10 chosen to resist a penetration force equivalent to that exerted by -a
cutti ngweonwedr the |evel and type for which the fabriRCT/ES®E1HE used and
for which it is designed. It has been known that, if polyner resin plates

are printed i, %CSﬁéhl‘éﬁﬁlQaI@ reddilyeformiilated & mettthssetcritatiatand debarailaklasi | y when
the plate is subject to shear or abrasion forces during use. However, it

has been unegpg CloPgham néﬂéﬁéh‘!@mqséés 366, 01957 Borieer R, Huhﬂﬂ%dﬁn‘(bﬂleyhat, if a
te

| ayer of connecti ng rial d on the base material before

est abl i shi n%ﬂ?@%’éﬁ% 18Y a rds 9%[% e%ﬁ&fﬁ&@ﬂsﬂc@%etfghﬁtiﬁ' | ayer

and t he bas y 1nprove r exanpl e, connecting

oot abl | shed By rarRERE atﬁ%w%?%ﬁéh% Sipabon BRSO, £ELBN e

connecti ng 20 rraterlal and printing the pl ate Iayer array with a suitable
pol ymer Sesimatetslds a pob-yewen pelynrethasapndndpy sythdiclgather, Suphd§gh t he
connecting material and continues to penetrate through a surface portion

of the base Amae®,availablefrora @imiet AngriceCorpi, 89 Fitis Aves 3h%Eloan New egr al
part of the plate layer array. Due to. the interconnection between the

i ndi vi dual : é‘ﬂcfe’NYOfOOtlbeO&%f Siitabs rhiteriflo fiehideivit@en 3PndiRiwevitinaRsale)
par

I nt egral the plates and of the plate Iayer array any force 19 W

02/ 10667 PCT/ SOl/ 1ieh 3CKafelials, Woul d tend to
debond an i n@f F3al° gé%gf)w&dl s hfen&ﬁgfc’ e connect lon of the
I ndi vi dual plates_to each othe thro connectin rial . A
connecti ng mat erl’gheﬁﬁy‘t& {) @tlafr%eﬁaée(vwgﬁmglo?gls&b%cgh 5 my
al so be characterized as a web. The connecting material ma gagn(ﬁ, such _
mat er i al10 nt chostr toiresisie penetrationdpreicapivaayt todhat FretRdm %/ctﬁé% sui t able
connecting material is any typical commercially avail able polyester
chi ffon. Thethedevehasd typeforatihct the falpricda thsbemspd fd &e whickeitisidestgnad abr asi ve
force, applied to the surface of the fabric between neighboring plates.
The | ateral connegthhobeenlkintwe @kbt, 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 layer 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

connecting material thus becomes an integral part of the plate layer array. Dueto.

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 atray, any force
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10 by- the connectlng mat eri al reduces the debonding stress borne by each

i ndi vi duaWOPHHE The connecting material is chosen for PEX/USHIAIB4L to
provi de an interconnection between plates in a.layer, and for its ability
to enhance t heexered emthe febsic surfaceshatovardd tead fo dd’@emﬂ)amnéswémplalﬁﬂsbase
material. Because the plates are fornmed onto and through the connecting
material, the dissimtedds thé cannectivraftheigdividuabilates i cablasthchthragfiebe benef it of
re-enforcing each plate with a continuous fiber network. Wen a connecting
material is u €;%hﬂ%ﬁayyith a base material, the fabric denonstrates
enhanced puncture and cut resistance. Fabrics according to the present

i nvention are able rgﬂé! ﬁg, e t a needle
i mpi ngi ng upon theéa?’}ﬁll C F-(ih & #& %&g%fgﬁﬁﬂ?%ﬁwﬁo%nﬁt he fabric
surface and at a ubst an aII s than_,90. The potential for
penetratio% 368 }? 6‘#71” %%%iﬁﬁweﬁ@@ﬂnéegﬁl@ﬁﬂ?ﬂ%ymﬁhobe A
| ow- angl e needle may have a greater tendency to |lift a plate off the
fabric surf acenagerial sntpavhéchrthe platematarjal reay bepintegratly bemdbd: Aewmitide ow t he top
fabric layer. Maintaining a mninml gap size between plates, a m ninmal
open area in Zbpsetfng mEppabi ahqygicl c@ﬁﬂe@idﬁymﬁﬁﬂbldmiésfﬁbhﬁﬂoﬁlme
between layers of the fabric 20 WO 02/10667 PCT/ USO1l/ 21541 enhances
penetration r%hﬁécﬁﬁgﬁl éadsgﬁgfdr%@ F-‘atsfv%tib% apfplidHotthd2

e typ app

depicts a needl e of use fredi ca cat1ons "bel ng sfopped by

one enbodi ne trati tyeen the

netal plates %ng{ehgﬁﬁ %sﬁ%i’&g’aﬁﬁelﬁ%%iﬂgﬂ q@??@" @Hﬁ‘? Hﬂ%ﬁ ﬁ

mat eri al ed foy the ua an t t hi ckness of t he guar | at e.

Gener al | y%t @Yéﬁﬁ‘oc%qns eﬁ@m@ngsm& MedYRah Bidpridy

thi ckness to maintain flexi b| I [ ty The thickness of guard plates range

from 5-20 ni| later Thutopnestingamaterial s chiosen fbits shilitrito pitivideasr t i cal  di st ance

bet ween | ayers shoul d be below a couple of mls to |ower the probability
interconnection 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
puncture resistance, against a needle impinging upon the fabric at an angle of
20  approximately 90° to the fabric surface 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



10 of angle penetration while still maintaining adequate adhesi ve. bondi.ng
strengt nWQe¥6EN | ayers. The various characteristics of RCRUSMRI34E of t he
i nvention nmust be in balance with each other to ensure the desired gl obal
flexibility chhidces pastration refistnbeagainspeveadowiangleqivnetvation. Bigneet32at i on
resistance is to use just one 15 |ayer of penetration resistant plates.

Thi s appr oachjepizts d RRIRGI Y HPeusid foP@baioall applidatioheBéifg stopped Wy dreexi bi l ity

and sinplicity in manufacturing than the multi-layer approach. The absence

of multiple 'eﬂ&lﬁ (P ' nc-ﬁg‘g,ggﬁﬁ ace in
conparison to t gﬁnrr%ttto?- g@d%gﬁgﬁhﬁém\?er, en t g%eg%msa?é;e I's

nar r oned suffifgki}e I.%/ inrelation to the typical probe tip 20 geonetry and
di nensi ons, & eg;{r’#’lf1 ‘cant | evel of penetration resistance may be expected
even at the gap locations. Figure 32 shows_an exanple of a one-|ayer
puncture Pesi st antIheapinimal gap size dgpands upenthg myteriab usqddopthe guasdplatss | osel y
spaced netal guardplates is bonded to a substrate through a flexible
adhesi ve. Thend tliesthickhessofithdgnard platee Generally dhe gap siz@shoubivotbatsmallerof = a
connecting fabric and a base material. The advantage of using 21 FIF WO

02/ 10667 PCT/thipthé plateHiiéknedStoGkhimabNXibikfya Theithickndis b\gdard he pl ates
can be extrenely thin while still providing a high | evel of penetration

resistance.  ifliofXAgPken S90RRS! hthORGhA s mfls fr Bdll Mgy Lol nl 55

steel sheet i"s puncture proo 1 gauge nedi cal ~ needl e because
the needl e fajls before the tal..dges. This.allo t S tween
guar dpl at es fd&st%egggﬁegpﬁwsa o%be%efogv W?‘ﬁ%%?@ﬁ%ﬁ #}?@? ﬁ‘%%@’@?ﬁw fabric-
flexibility. The tip of a 2l gau medi cal needle js cut at. an angle of 26
degrees &9 isofagsisnﬁnthupn&h%ss mE SRR eflaﬁwé? Stzengf) ¢ he
needl e penetrates into a

between layers.

The various characteristics of the fabric of the invention must be in
balance with each other to ensure the desired global flexibility of the fabric.
Another approach to achieving penetration resistance is to use just one
15 layer of penetration resistant 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, -
when the gap size is narrowed sufficiently in relation to the typical probe tip
20  geometry and dimensions, a significant level of penetration resistance may be
expected even at the gap locations.
Figure 32 shows an example of a one-layer puncture resistant fabric using
metal guard plate. Here a layer of closely spaced metal guardplates is bonded to a
substrate through a flexible adhesive. The substrate can be a base material or a

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

21
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material, t.he dinmension of its cross section widens by 1 ml. If a 21 gauge
medi cal 1WEERPE hits directly at a 2 -m| wide gap (Fi gB¢EUSHRI54he tjp
Wl penetrate 4 mls when it encounters the edges of two netal

guar dpl at es. Testzldy ghardplateinaterial is that thepletés eambeertremelethimwhilg $till def or m or
del am nate the netal plates or (ii) stretch the substrate underneath.
Qtherw se, it prévidinge highiees] of perehratioipiesibtanea Fap badngsle, upbrbaticloadingpt al

pl ates woul d i ncur substantial resistance. If the substrate is 15 desi gned

t t | i y i i | t al
o strongly resigh Il'cgﬂ@?fgigxgelssﬁﬁasﬁeeﬂsr %@éﬁ}@éfy%%msﬁayfg&g%%a%ﬂ et a

to the substrate, a of penetration resistance can be expected

for the one- layar,fabrie. T td at LOY k08 St W0, | tions here: it
acts to maint éﬂe?vfﬁ? R%cag%%tgy 3?‘?1?? fﬁﬁgg“rﬁ’ eﬁ %ﬁe@xg&gaw\é\%ll?\ﬁpﬁxﬁga at er al

di mensions _ang it provides the cushion in the thickness direction to
insure thaP t PECRERgPardpfates WP RAMIOW AityR scthous eorBieing oxsral B or o i ¢
penetrates the entire fabric. A two-step process of |am nation (bonding)
and etching i dlesibdityt o make a one-layer fabric with netal guardplates. A
metal sheet (e.g. 2-5m | thick stainless steel) is bonded to, a flexible
substrate (such asTebitibfoda 2 ahigeenedivdl sacdlelicéitat bt aidhess 26 Bt apdst h a

fl exi bl e bondi ng agent (e.g. polyurethane). Photo resist filnms are 25
applied on bo | t ls, &?,e;dm [Yr¥e) d

guar dpl at es. ts%%“ﬁo%??%%éﬁ%@%ﬁ%?ﬁ4 Tﬂgtﬂgﬁgﬁ@ﬁg tec%ﬁgﬁ%gy can
control the gap,si Wit h preci.gi on do to.th hi. of the netal
sheet . Thi's prultHadby fimeesizn okt g B WS?PEW{B’E‘?W%‘W&?H‘S&& s with

very narrow gaps, One_hundred pe_icent pl ate covera ewingnOt as i yportant

for cut rddi smasliehis dizectlyat pmwail wide g2k figigicd the epetrpledimilaince
fabric it is inmportant that the plates be nade of a out resistant

mat eri al . Met athendtemaointers dhrecedged ofitwo metad ignardplateschd advanct fisithér, thiener al  or
nmetal particles are exanples of good cut-resistant substances for the
plates of thi sieediynsidsweeitier (i) @sfosh andslinaibnte the Werliplah be(i)) elrstalethe

substrate underneath. Otherwise, it will be jammed by the metal guardplates.
Deforming metal plates would incur substantial resistance. If the substrate is

15  designed to strongly resist stretching, and a strong adhesive is used to bond metal
to the substrate, a high level of penetration resistance can be expected for the one-
layer fabric. The substrate provides two functions here: it acts to maintain the
overall integrity of the fabric in the lateral dimensions and it provides the cushion
in the thickness direction to insure that the needle will encounter significant

20  resistance before it penetrates the entire fabric.

A two-step process of lamination (bonding) and etching is nsed to make a
one-layer fabric with metal guardplates. A metal sheet (e.g. 2-5mil thick stainless
steel) is bonded to a flexible substrate (such as chiffon fabric and synthetic leather
Amara) with a flexible bonding agent (e.g. polyurethane). Photo resist films are

25  applied on both sides and the metal is etched to leave disconnected guardplates.
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resin is a one-part heat-curable epoxy resin, which can be formulated, -to
meet t he WA M/1966ts of various fabric applications, by Fi CRUSNLSMTrI es,
Inc., 1957 Pioneer Rd., Huntingdon Valley, PA 19006 (as previously stated,
desi gnat ed byheietibixg technoldgichn osnteol ied gep-sizel witltiprecisivnrdemal tofthd | ed epoxy
putty, such as Devcon Plastic Steel(r) Putty (A), manufactured by |ITW

Devcon, 30 Efgickdst ofthe mdbaliKedt SThidProdides 26 cobmbihdtionSofdkf@mblyRabhg@nt for

cut resistance that there are no straight-line areas of the fabric that
are uncovere ! Gith I this is a determining factor in the |
choice of th %ﬂ?éf p%tter‘r’\;s;pg%ﬁ{’ﬁgg%ﬁfat es, (ii) shape of the plates, (iii)
size of the plat an I v) sjze of the gap, between the plates. Al of
these interrel at egfﬁ%lB{"gFfé‘P {pzlﬁtg Co¥Tes p@Haqqpppﬂgnt(fégpéﬁe%ﬁagef abric
enbodi nent to assure that there are no 20 straight |ines of exposed,
uncover ed3f al8f ifer, pungtire resistanes. dtar gicyhxesistapee fabric it4s fmportank that theplalescover ed
by plates. A hexagon pattern, for exanple, as seen in the guard plate

| ayers of Fi demeads offarcaviedistantmgterial. Metalpdepamicearel pdiymeraesinsd pl ate to gap
size is satisfactorily large. Flexibility is another inportant attribute

for a successhitircddRith fnifdral d¥nfetal particlesQRs &xitnplésbfaobd chirekigwal fabric,
each plate | ayer nust be flexible’ The 23 WO 02/ 10667 PCT/ US01/ 21541

flexibility %Lbété}ﬁePgoﬁgh{’ﬁlBéﬁ bxg{rhgs%ﬁ%nﬁ% @E@Eg%i%mﬁﬁé,i glsuiéﬁwg@k@%f bute to

geonetry and si ze, € aperture size ween pl ates
the f lexibility.of the fabric.. Acriti.cal,control .factor,to t overal |
llexi bi 11ty G s et hepboinible epbifsitosiipwhcfoat o frilatte. Ipertdne’y ot | s,
the position of the |ayers superinposed on each 5 other and the position,
densi ty, 18nd nsedssafamsieusfabrip applisaiinnsgbylistno Indystriesyined 1950 Rimee Ryent nust
remain flexible. In the SF1 I (Figures 1- 4) and SF12 fabrics (Figures 5 -
8), bondi ng tHhmtinggen Valey, PiAc1 9006 (s pirerdously stated odesiznated by Fisieonas f | exi bil ity
for fabrics with the illustrated plate arrays. Note that with the bondi ng

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 arcas 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 controlled in the design of a fabric embodiment to assure that there are no

20  straight 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.

Flexibility is another important attribute for a successful fabric of this

25 invention. In a multi-layer fabric, each plate layer must be flexible. The
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schenes illustrated in Figures 1-- 8, adhesives do not connect plates
t oget her iWOP¥1PTferent |ayers. The adhesives interconne®CTAEPER4bet ween
connecting and/or _base material of different |layers. This arrangement

enhances and riskibiliyef the bass msteadat andoonndeting mstanal, theplate geemetrpandio- | ayer

fabric of this invention is nore flexible than a three-layer fabric. The

presence of adilie, kadthl abeyee sizé betivben plates bl cortribute tsths flehibilite oftheat i on
resi stance, especially to | ow angl e penetration. 15 However, the presence

of addi ti onal SEET A ofifBHicbAFol TS 1D YR BAIIRATING W ¥ Iny B uBBRCENe | ayers

to maintain mninmal aperture size between the plafes in the nulti-Ilayer
fabric. Relatigye. ' e YRrSs ' C al | ow
maxi m ze over a%?lﬁ?%éaﬁ%\ ﬁﬁé’%‘%’ %&ﬁﬁ@g 88%%%@@% F@S&éﬁ%’%gfgn %Bf%lel
flexibility of the_connecting and/ or hase erjal, Both t hese
material s a | KRpAndthapasit eeézsfaae‘isqtﬁa@n?@h% 9@@&%@2}%0% fabric.
The bonding limts the stretch of one layer relative to another, but not
to a degree t hondingisgeatmgust remnaiieSexiblg. T GeiSHl L (Figurss 1 ~t4) endSF13 fabtiger ed

fabric due to the fact that the bonding does not occur between plates in

adj acent | ayer(Pigubests b8 barlingche yeisiahthe apsts ddidacdachivt&hatimunn fabrics
such as SF15 (Figures 9 -10), SF17 (Figures 13 - 15), and SF22 25 (Figures

18 - 19), a bg_&i + Bbriof L ddteh DAk . RofVihaiesi wepshL, for 24
WO 02/ 10667 PCTI lmlgff g@?@r’%nt %P?the i aser go A conggtgl?i ng&ngt erial
mai ntai ns the rd .pl .0f.. eac ayer .in position . relative tqo each
other. The t his@ﬁ%ﬁ%sslﬁgﬁa?%éghﬁg?sp\@Fﬁ%ﬁ“@%@é@ &W&F%ﬂp‘?ﬁ& tf’%%%?ril%ns as a
cushion tao lint. interference_between the notion of plates, in the | ayers
separ at ed Wy tHE5aSY St The adbesiygsiptgrooprgeb slely betesen copnegtingAndiary . 5 The
fabric of this invention can al so be constructed to provide a liquid
barrier. |f tthas¢ migterigl efslifferantdayses. ikhieanrangementenbances i waximizest sel f can
be liquid proof or can be treated with any suitable conmercially avail abl e
liquid proof Rexitiilitymf tisefabria STyidallgoatvoalasterfabric fthis anentidn isansrat i vel y,
the fabric itself can be

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 piates is decoupled to

allow maximize overall flexibility. The decoupling is largely due to the flexibility

of the connecting and/or base material. Both of these materials allow stretch of

20  each of the respective layers of the fabric. The bonding limits the stretch of one

layer relative to another, but not to a degree that inhibits the desired flexibility of

the multi-layered fabric due to the fact that the bonding does not occur between

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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constructed with an additional liquid proof barrier layer, such as | atex or
10 pol yuwe 0246667 Dependi ng on the environnment w thin whi ®CVUse12ed1i ¢ Of
this invention is used, breathability nmay be anot her inportant

char act eri st diffepént iphete faglis) A cofnéativigirateria) dsdintaink € giatdplatey of sachisi ng only
connecting material is inherently breathable, because the connecting

material in {her BARBIHRATIRER tbfescmmélesme%hmﬁeés BPLRYSlatively sdfebasabr i Cs,
constructed W|th I*ayers using a base material, the fabric 1s breathable if

D oo e L SRR Vil HRSkafes S 05yl of o0
desirable f di
ot stant 1 o G SererReprplsd by AR Ml ik Borgens e HBRPHD 1 or 20t he

pl ates can be chosen to maxi m ze static frlctlon bet ween the fabric and
wood, stel, fisfhegbaicof this inyertion canralsadwrongrustaddo provide aliquid |
particul arly inportant in gloves for industrial uses and outdoor sport
uses wher e gbaier.SIfake fabrionses atbasemateridk ket base:matenial itself dahde pigider resin
plates with a high coefficient of friction material can further increase

grip strengt roo-fla?ﬁﬁfwﬁeatéll\ﬁ‘ﬂ?&}ﬁs%ﬂapﬁ cotePeThilP Ay aildble Nighidegsvebf Speci fic

application choosing a plate material to suit” the frictional 25 WD

02/ 10667 Pﬁwa%gg &;cijagﬂnggfedﬁp%@ﬂﬁhm'mﬁ@ﬁm@ BE Tt e B pbadi | ¥

formul ated to grips enghapp cations. "Fielco
readily fornul at ed sin that des ta| nl ess steel
surf aces. DeVE‘EﬁtF“B Eiﬁ‘(? W“F’Sp&ﬁj‘gllag‘?{ng“fg %‘Pr surf aces.-

Anot her exanple of a useful product of the fabric of 5 this invention is a
fl exi bl el@| eplyntethanst h with specialized inprinted plates designed for
opti mum abrasi veness. For exanple, a polyner with a netal filler may be
used to provide aiﬁ)epmcﬁngmethswnﬁmmnené\miﬁnhrwhich&a‘ﬁbmofthismm:rﬁiohrisxention
maybe a single plate |ayer array established on base material with
connectl ng wused, 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 layers 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 thc;. fabric facilitate
incorporation of other desirable features into the fabric, in addition to the
penetration resistant features described above. For example, polymer resins for

20 ﬁe plates can be chosen to maximize static friction between the fabric and wood,
steel, fish, glass, or other surfaces. Static friction is particularly important in
gloves for industrial uses and outdqor 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  for each specific application by choosing a plate material to suit the frictional
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materkal overlay. A glove, nop, cloth, pad, or simlar itemfabricated of
such a 10 W@B¥1%6T s suitable for cleaning relatively hardPSEUSAYES41 Such an
abrasive fabric may also.serve for wet or dry sanding. Again, the abrasion
charact eri st i ameds ofttheapplicaions Resink mbebé teadilyformtilatedfio itvet dasetyrof eri al  of
the inventive fabric can be separately optim zed according to the use

characteristi Qﬁglggl%% %}%ﬁkg{hrhpbh@aﬁbhﬂalli‘ielcﬁ QUG Formbil@edi RENIAAT B

conpressibility o ase material has been found 15 to be of particular

| nportance for s gj, i ' j As the
abrasi ve fabr i%c’%%ggo acr@géssas?%!a&gga?%céa{cgﬁlg% %%gég%ﬁf%gﬁlgﬁf ndi vi dual
plates are allowed to co ess,into the base material a t her.eby conform
Po the devi at#iiaues Seruthresg AnoUsr PRTRTS ShA RN Plodie PG RBREP: |1ty
feature, the abrading fabric would not be as efficacious in its ability to
snoot hl y mve thisérvention isa Zezibielelgardng clathewidnepepielizas-imprintediplaes whet her it
be cl eaning or sanding. DETAILED DESCRI PTI ON OF THE FABRI C STRUCTURE The
fol | owi ng det adesigtledifos optinaiunQbrasivehdse Bor exainplepa polywar witha reetiidillenent s of
the penetration resistant fabric of this invention enables any person
skilled in thﬁaﬁéus%@ta@%ﬁdaaﬂamv& Birfack."K&bta8ive Mo UF this iehtibd he best
nodes contenpl at'ed 25 by the i1nventor for carrying out the invention.
Vari ous nodifi | O ey i bed
enbodi nment s oflﬁ%hsee ?%@%P%%&%@WX%@%@%?’?%@#ﬁ%{ea?r eagﬁoﬁg}%g%%ar ent to
those skilled in the art because the pringiples, of t resent i.nvention
are defined i ratER Wﬁatyt éhe 8%6??%1“10%”&#&18’5‘?1@5@&%%?@0 SHERI nent s of
the fabric are sonmetines referred to by 5 the designation SF11, SF12,
SF13, and $o ffebridispwitabiefon clstning redativelydardsuyfacess Such an sbrghiva fibricustrate a
three-layer fabric 10 enbodinent, SFl 1, representing the inventive
features .of t heaypslsssnte fonwenér dop sandings efegain, theFabgasionscharactefistidgsdfithe cal
cruci form shaped guard plates 12 are spaced from each other and

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 function 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 aty person skilled in
the art to make and use this invention and sets forth the best modes contemplated

25 by the inventor for carrying out the invention. Various modifications of the
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oriented in a first guard plate layer 14 with a connecting matertal 15 All
four 10 WO/18&70f the cruciformplate 12 are the sane. ARCIAISOnRSguar d
plate layer 18 is identical to layer 14, also with a connecting materi al
15. The two Idegesibed érbeditheiif8 of thiecinsentive ifatpicskaivever will tereadilytapparanth ot her
to mnimze registration of inter-plate spacing 20 between the first and

second Iayer$o%_s@mweﬁntﬁéaﬁs&iauédkh&?ﬂﬂéiﬁleaofthapréseﬁﬁneéﬂﬁ%ﬁtaeéion, the
inter-plate spacing 20 forns a non-interconnecting network of 15 generally

squar e- shapeqeﬁﬁe%rﬁﬁigg‘?ﬁ%ﬁ\ge%ﬁgﬁnded corners. Figures 4A and 4B are

Cross-sectional Vi ews abric of Figure 1- 3, taken along the
lines A and B in_Figutesg 1 and.3;.respectivel.y, showng the first and
second guard pl atéﬂtt%zélﬁém %@W%‘iﬁﬁ%ﬂé%ﬂq SJ?f%HS#Eﬂ%Yg spots -
27 for bonding the layers 14 and 18 to each other, and the third |layer 24
of apertufe phedesignationplH, SFE2,5893; mdrsofortipforicasentirgfesgses 29 for bondi ng
| ayer 24 to |ayer 18. The vertical spacing between |ayers 14 and 18 shown
in Figure 4A dif f Bigurés oilrdupht4 itlosivate a thrée-hyercfabific 1@ embodiment, SF1L,0n

pur poses only. Note that the bonding spots 27 and 29, respectively, are

posi tioned sQedrbahtind B ifeftif@FeatliréssTithe/preseninvehtidit 3As sdefisn Pigufesqach
other. This eénhances flexibility of the fabric. Furthernore, the bonding

spots are at ,l : | : \ ' | of the .
bonded |ayeré@%@éﬁ%&@%@%ﬁ?ﬂ&%%%@@g&&%@%%%i done at
t hese | ocations rathe han .between two. rigid pl.ates, al t I ntain
flexibility. °§P@E€B‘i gﬁg{l,pfﬁt%@yﬁrh 4%@%?‘?‘?15’%%’”@%35?% &lgg‘frayers 14, -
18, overlaid wth a layer 24 of circular aperture_plates 26 with a
connect i A8 mames 1 &ef the crusifprm plate 12 are shasanw. A secand guard plate layet 1&isi on of

t he placenent of connecting material 15. The layer 24 is positioned atop
t he super i npadsnticdl &y taysr 14} alsodviflBa sannetting miterialdSe (Mhertwophyerebt &6l Bver | ay
and cover the inter plate spacing 20 between the first and second | ayers
14, 18. Fi guragssuperiifostd ahll biishtedteedch othrp® thindmizedegiftrAtoAD I Mgter-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 square-shaped apertures 22 with rounded comers. 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 ofbonding spots 29 for bonding layer 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 locations

25  where the exposed connecting material of the bonded layers overlap. Bonding is
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spots-29 for attaching the |ayer 24 of aperture plates 26 to the guard
plate 12 MRQ1066) 18. As seen in Figures 1 and 3, the guaPET/HP¥AM112 of

| ayers 14 and 18 and the _aperture plates 26 of,layer 24 together cover the
entire fabric doe aftheagrlocaions rathes than betateey twhdgidplalesalsiHoguaatain  except

that the position of bonding spots 27 for bonding the first guard plate

| ayer to the dhxibidtyguard plate |ayer is shown. The SF11 fabric can be
manuf actured by attaching a chiffon fabric to a 15 nmetal franme. A stencil

with a pattern in tggadqiffhdatd et élﬁnﬁﬂse@k\i’ét&%la@éld?&sﬁ, 18)6VREANS) i S

then placed over the chiffon. The chiffon is batked Wth a release film

and printed wg. o] .resin C be f ted Fielco or
Devcon as des c"&ﬁﬁb@f@#ﬁ#c %Qﬁ%qﬁéég%@lW?@%ﬁ#%%a e;'ﬁfr)%%gh t he
stencil to _faormguard plates or aperture plates on the chiffon. The resin
usual |y peret Higures 4 ap Agmal?ﬂ@réhlmtmqf@%eqwtaﬁwn?%waﬁ@ | at es
into the chiffon. The printed resin is then cured (by heat, room

t enper at ure, nidi Jthedayer 34 iapasittoned gbpthelsipgrimposed tapgrsiid and d8iso Bt thy t he
resin's specification) and the release filmis renoved to forma plate

layer. Milti plapett@y@laessio @letthp enddvyelie fitaral e spaiel 20ebetwekdabediseg upon

the design paraneters required by the application for which the fabric is

to 25 be use | i i t:4 b ch ot her
S asto 28 e iSRRI Ar Riegtadsal 1B IR b PEUAGHEY Sl UoAaREC] Dl o

(that is to mnpim t unher, and,skze of | e ext endi.ng  t ugh the
entire stack O?Otfgég?rs%cﬁﬁg%%qr%ﬁmu&eﬁ%ﬁ %6 F%%F?Pﬁ??%%ﬁﬁx es for
properly offsetting |ayers. This_nethod of manufacture is ai plicable, wth
certain vad atheds ssen iddigiies h apd 3,the guard platesd 4 iof layersidsad 19 aBdBigr ent to
one 5 skilled in the art, for manufacture of other fabric enbodi nents
descri bed in tapemure piatesi 26 efdeyen 24 togathecovpt the ohtingrfabrict 1 Figuee 3 isr

manuf acturing a plate |ayer uses a photo-nask process for form ng the

pl ates rat her esteatialhthesteeas Figog Iyetdeprthatithe pésiticn efttiohdiig apath 2P forof
connecting material is attached to a netal registration frane

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 detail 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 mechanicaily lock the plates into the chiffon. The printed
resin is then cured (by beat, room temperature, moisture, or ultra violet light as
may be required By the resin’s specification) and the release film is removed to
form a plate layer. Multiple layers 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 registration of the layers to each other so as to
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and the connecting material is then attached on top of a release-film-The
ultra 10WGewe67cur able resin is then is poured on the frraTd9t@dB40f t he
connecting material. Another release filmis placed on top of the resin
and t he resi mihisnizepthedntet-platecspacing (thitiinid minimwietthe tnbrberand size bfiholemt er i al
enbedded in it. The filmthickness is typically in the 5-10 m| range and
can be contr gkiefding thrbhigh ’&a@%nﬁ&%ta!cﬁafﬁﬁleﬁj TWSIMER] M edcdiAf fegist@floh 0 Spread

the resin. A photo mask Is then placed”on"top of the 15 release and the

whol e assenb | ocked by
the mask is Pﬁlgﬁm}%ﬁr @do es(rg Hf%{etcgtl?h?n h’toa%fﬁ’pmﬁf?ﬁ@?éuf%cgﬁ&&b%art of the
resin is then washed a usi ng..an | V. nt ch as aI cohol . After
drying, a pl ¥ q%@’é‘r"”ﬂ? %‘Eﬁ"&iaﬂ@&mﬁﬁ% h’é‘t APPARILIoOORE advant age
of better resolution control of the gap size between parts as_conpared to
20 conven$i oﬁlatle@m@énﬂpfoxmann@ptutmfrrghqr abrigserabosiments described Bdhiss, t he
ultra violet curable resin nmay be pre-m xed with glass fibers. After the
washi ng pr ocepe&ificatione Aglexamplei dfan altemyte fenmanufhetutiiiea plate lagdirasssm t he -

pl ates. An additional etching step is used to etch away these gl ass

fibers. The Béﬁgf(ﬁ.q Ss 1afer tﬁé‘lﬁéﬁbﬂﬁ%dmaﬁgd. re
puncture andB%:lﬁt?elrﬁ?adsk?gt ant . 0 ﬂﬁ 10667 PC%SOl/2154 Fi gutlgs 5-=8%

illustrate a 2 f resent
i nventi on. @g&@%q%%&cﬁgﬁ%% ?e&aix‘#%ﬁ%éeﬂeg g?r%ﬁf%ﬁg s |tﬁlafnneg SFI 1
fabric 10, but_ the |ayers e u non di fferent
arrangenent . aﬁ@ﬂ?é@ﬁn%/ A ?r@i?)sptﬁ g‘?ﬁ“ﬁi‘g‘l’n %}t}%é‘a &%d pl ates
12 are 5 spaced from each other and oriented |n a f| rst guard plate |ayer
14 with a0 caitletcurable resinds then isppured erathafigme sideofihe egnngetingmatarigl at es 12.
Al'l four arnms 16 of the cruciformguard plate 12 are the sanme. A second
guard plate lAnoéter téleass filindeplaceidn top of thearesif 4nd tesesimist spread doforecd i ng
material 15 to nmaintain the guard plate 12 array. The two |ayers 14 and 18
are super i npemadibangite tHe@ohRsttih® nRtfidl embedded in it. The film thickness is

typically in the 5-10 mil 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

15 release and the whole assembly is secured together using clips. The resin 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. After
drying, a plate layer is obtained. The photo mask process has the advantage of
better resolution control of the gap size between parts, as compared to

20 conventional screen-printing. Using the same photo mask process, 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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10 ot.her to mnimze registration of inter-plate spacing 20 between the
first | ay®¥OQAI06@nd the third or top layer 18. InterposedPEBUHEM4layers 14
and 18 is a second |layer.24 of circular aperture plates 26 with a
connecting mat er i alFigies b Gdllystraters falyrive empediment:3(; lalso adeptified a§F1200f seen i n
Figure 5 and 7, the guard plate arrays 12 of layers 14 and 18 and the

aperture pl at ¢ke piesepit inveifn, 2Phe SFYP Fibeic i€ eotRprised of o sithe laybrsfaabithe 30.
Figures 8A and 8B are cross-sectional views of the SF12 fabric of Figures

5 oy SOV NG e 4 oo RS B bARAREA Lol GO SHAARAnand  he

aperture plate eac ving a connecting material
15 to nmaintain_the ard plate.|ayer 8.,and.d4 and t.he apert | at e

| ayer 24. Seemeﬁeglﬁr‘és Pll}glg&’r'%ﬁtl%@giﬁ%ﬁﬂf ngﬁg?pseﬁggarﬁgﬁ"at%s%rﬁg | ayers
14 and 24 to each _aqther,_ and the ,bonding spots 29 for bondjng |ayers 24
and 18 to éac@%eﬂ@“mﬁcﬁ@ﬂé"fEn(h‘PrSe@teélﬁB\%ngttQ’#édeRi%tﬁﬁyéhMaWEhﬁatterni ng of
bondi ng spots 29. Figures 1 through 8, particularly the cross-sectional

vi ews of Fi gucesnetiing maRriaBl tanvkisBindhoarayhef gerdplates 1?) Aflferrianhs 16 ont o
whi ch each of the layers 14, 25 18, and 24 of plates 12 and 26 are

arrayed. The e@fashdiftgm! bﬂlﬂlﬁb 14 are/thé SHndd. N4 secd8d guard plate layer 18is- -------
- WD 02/10667 PCT/US0112154 the pattern and inter-plate spacing of the

Punction of 1 AGtiato Bt o uY Sty hedtie maidial 3% mal R Bl 1 07 e
f h 14 18, d 24 w |l .be furt.l l,ai.ned di th
et hd o - an I T B 51 g iiengl 4 180% mifkarphe e P oG M0 T

enbodi ment, identified as SF 15, enbodyi ng novel features of_ the present
i nvent i on.10As o8iss fp mpnimizeregistiation g mteraiiate Spactng 20 hetweenths Amblaxer haped
guard plates 42 are spaced fromeach other and oriented in a first guard
pl ate | ayer 44mdiheithind ontopdeyer b8 Inbarposed betv®en lysrsddradd 18 is a second

layer 24 of circular aperture plates 26 with a connecting material 15 to maintain
the aperture plate 26 array. As seen in Figure 5 and 7, the guard plate arrays 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 layer 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 patterning of bonding spots 29.
Figures 1 through 8, particularly the cross-sectional views of Figures 44,
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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| ayer 46 is also an array of identical equilateral hexagonal -shaped guard
pl at es amD @0s6? al so affi xed to connecting material 15. PURAUSNRLMEEL i ng
material 15 maintains the pattern and inter-plate spacings of the plates
42 of each ofthd pattehoped intef-platespacihg of THeplitenld a6 ofifie aadouayrel4,
superinposed and oriented to each other to mnimze registration of

inter-plate 98agd B, 4th MubRe arld Yndtidndf tBE\bninBitirtd ha¥ @413 5 ift fela¥idh 196 AS

seen in Figure 9, in this orientation, the inter plate spacing 48 form 15 a

non i ntercon L N0Q,. | ' S : 0.

| nt er posed E% %@%@ﬁ%&%&&oﬁéﬁ ﬁa%?eﬁ%f’lqss’ %ﬁ%@grﬁp%fdfgg@g{éﬂé!ﬁﬁdgl 47,
with a connecting nmaterja 5 overlaying both surfaces 49 of the base

mat eri al 47. r?gﬂg%pg W@hmilﬂéma’i‘ eI o cross-sectional views of Figure 9,
taken along the lines A and B, respectively. As seen in Figure 9, the
guard pl afes 42 ofFigurge? endik0) dnetrate a §ericA0 exabodispent, idpntifiad asSF16abri c 10,
but | eave uncovered the non-interconnecting network of six-pointed

st ar - shaped aphotiyihg hobél featines afihe prosent ibfentivst AbsesiihHigure9f idgntivabl |  to
i nsure optinmum guard plate coverage and the |ayers nust be registered to

mi ni mi ze the caRRdibidl RexaBorinl-SRapell Bl ey 42 A shdred Bomlach dfer Gndind ot her
enbodi nents of fabric of this™ 25 invention having a base naterial are made

using the pr | | ?W / 6.4 2 connecti on
vvithgt he SIIlg %%%ﬁ%gﬁ%ﬁ%%%%fpﬁt%%y% e b@é@%?é?ggﬁﬁ&g&éréﬁ%@ached to
the metal frane d the connegtin terial s lai n t.op of .t he base
materi al . Tﬁ%y@FZEF%aIf%?n‘l‘rF?é' péqngggf e@“&?@fﬂ:“ 0 -tsﬁa ﬂﬁ@ﬂﬁ}%@? of the
connecting material and the base material. The resin penetrates the

connect i A mas als affixed i eanngetingsmaterial 15h by gernesting metrial ppmainfginhg. The

sanme process can be repeated on the opposite side of the base material to
make anot her thopaitermandiinter-pldtaspacing$ ofjithe pdatdsid2e0fkadip ofthe 1aylersd4oand g
cross-sectional views, respectively, of another enbodi nent of the

inventive falgsl ThdGwo Hykes 44 aidi460iré BipReinipdsed dndriented to each other to

minimize registration of inter-plate 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
10B 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 apertures 50. The apertufes 50 must be sufficiently small
to insure optimum guard plate coverage and the layers must be registered to
minimize the aperture 50 size.
Manufacture of the SF 15 fabric and other embodiments of fabric of this

25  invention having a base material are made using the process as described in
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superd nposed guard plate 42 |layers 44, 46, and 92, which are al so spot
bonded 10MMBE06Fr. As seen in Figure 11, identical equilRBEEP1/21541
hexagonal - shaped guard plates 42 are spaced from each other and oriented
in a first gu&cuhection withdlyedSF tlfabuie,tdxcept thon thednsamaterislds fisst att&hedtosecond
guard plate layer 46 is identical to layer 44, also with a connecting

material 15. AhdMetalifrsideradd ﬂieﬂioﬁpéoﬁh% imaletial § lhifl @A tdred thé baselndsteid, 44 and
46, also with a connecting material 15. The connecting material 15 15

mai nt ai ns t he | IRl i 3 : each of
the | ayers 4;1[,% @%%ﬁ%‘%‘%ﬁé@%@%‘;@% cﬁ&gp gétgkgglegéfgﬁé;cﬁg rﬁlla?rréﬁlgged and
oriented to eac ther ta.mnimze registration of infer:plate . spacing 48
bet ween t he  { FRG faocage malsfh e it Rontf et e pptiesne matrrel Mg HEAR TS
this orientation, the inter-plate spacing 48 forma non-interconnecting
networ k of °si fhefeAspmaterisl vponsnepe d Thosansareesseeand repasied pndheoprosites 42 of
the third |l ayer 92, together with the guard plates 42 of |ayers 44 and 46
provi de conpl side of thechasgymaiefialita inrake afGtherfapgosiegplattddyeand 12B are
cross-sectional views of fabric 90 of Figure 11, showing the three |ayers

44, 46, and 92 of wuane Nl AHY s lad BRI EBELREARIGEWE,FBspEBERIY, BFS 15.
Figures 11 and 12 do not show the position of bonding spots iyr'1 t he SF16

fabric. 25 Th | ] . | guard plate
array. That .?“&ﬁfgé%dﬁg%%@%ﬁ%ﬁ‘ﬁﬁ%%?wgt ag&%atp%etg?%éngiﬁal bondi ng
spots does not_correspond h at t of, t.he ard .pl at rays. The
fabric | ayerssg?eém&?ﬁg‘gﬁ‘%g‘é{er@rlgx Sﬁ’%fﬁ@e&zﬁhﬁﬂ@m algq ?pg?‘ﬁpr%ﬁedof

bondi ng spots in successive_ |ayers of the stack of layers. The incidental
occurr encio of tegsthernd arandn Eignresl by identied epyilaterehhexegonnl-daned gyand t he
different 5 layers tends to sonmewhat reduce the fabric flexibility.
However, usi ngpldtesst? ave spaséd fromizachdother andpientsd iresfifsbguard phitd lagerdidnt al
occurrence of vertical alignment of bonding spots - throughout multiple

ls?ﬁr s. Fi gur egthladconnddtink mhatsial 35 eAdebctidl dutird§ate Y4B enticalan tdykt €d as

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 inter-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 network of six-pointed star-shaped

20  apertures 50. The guard plates 42 of the third layer 92, together with the guard
plates 42 of Iay;ers 44 and 46 provide complete coverage of fabric 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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enbodyi ng novel features of this invention. As illustrated in Figure 13,
the firsWO@obelyer 62 of the fabric is a pattern of guaRCTNSMBE464 t hat
are equil ateral hexagon shapes, with three alternate concave-curved

corners. Thr dhe patfeareftiondingyspotsidnessot correspoge tdthe patienos af therguadaplate haped
aperture to provide for a circul ar-shaped guard plate 66. Note that the

overal | patt effay§laPhe b6l iytrsirebrided togedeh toomibisizelveitial Sienadwitt 66 spaced
fromeach other and oriented in a first guard plate layer 62 with . 15 a

connecti ng i gl . K ' SPidideAMET 44 .
| dent i cal tgﬁoﬁghgrggﬁ%{%?%%ﬁgééﬂ%,ﬁéé fmﬁléﬁ%i gureg]éi, superi nposed on
the layer 62. Layer 44 has. identical equilateral, hgexagopal,: shaped guard
plates 42 spRCSHeHcs of some,bendinsg sp %veﬁq%@xg@geqaﬁg&gﬁ%@e&%@ﬁl ayer 44 -
with a connecting material 15, as seen_in the cross 20 sectional views of
Fi gures 13A dAverstspds topemepbal rgdusedthe iabgp flegibility.c Howgpes psing lestiovsall t he
guard plates 42, 64, and 66 are oriented to each other to mnimze

regi strati on bwhdingtcompphsates fonthisiingdésallwecweenpe ofieerfical sligamehtofcond | ayers
44 and 62. I'n the orientation shown in Figure 14, the inter plate spacing

68 forma ndenilingepete tieeiiongmidtipl®lver®f circularly curved arnms. Figures
15A and 15B are 25 cross-sectional views of the SF17 fabric 60 of Figure

14, taken al ong | gy A0l RAIR OAAOGPdREEL Mk s 17

respectively. Titer] ween the Tayers 4 I'S a base’materi al

47, wth a connectin rial .15 ogverl aying,both surface he base

Tt er a4, bagig oy tesiiter ot Mls RV EineR) Il B BBE 3 Tha R e
guard plates 42, 64, and .66 of |ayers 44 and 62 do not_cover the entire
fabric 600 pdav$e ofthefnbricis? patter of guamplates Gythatagsawilaterabhexagen ar m
inter-plate spacing 68. It has been determned that it is easier to
control the pshepasjwithfhree alfempate cencavecwivedcashers.afbreeadiacentguandel®ps 7 styl e
fabric than in the SF15 style fabric. Therefore, the threshold of puncture
resi stance f of4 tofdtler forng b eitwltr-§Haped dwertutdtbprovide for a circular-shaped gnard - 3

=t

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  aconnecting 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 plate 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 otherto -
minimize registration 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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Figures 16 and 17 illustrate a fabric 120 enbodinent, identified as SF18,
10 enbodyiWg OH3WET features of the invention. As seen in BGINVIBA 5 | ayer
122 of an array of equil ateral hexagons 124 interposed with an equal
nunber of squaBetsspectivelyolnderposeddetvraen thedayerpdbanskiolis 4 basgimatedal 47he guar d
pl ates 124 and 126 are spaced fromeach other and oriented in a second
guard pl at e | awith akgd@nestihmateriabihewilayiag bathauifades bbthe/bake materigh A as pl at e

| ayer 128 is identical to layer 122, also 15 with a connecting material 15.

The connecti ngsd¥AtLhightes ISATBHUNSB! A sb@fint84dr6 14, theBehrdl Blabls-4R! 64, angpaci ng
of the plates 124 and 126 of each of the |ayers 122 and™ 128. The two

| ayers 122 and ' ' J0 t L.ni m ze

regi stration o?élgﬁtagﬁ%g{ %‘Eﬁe)g%g%ﬁ&ﬁ“&%égg & w&%st%ﬂ’ggepﬁsgt&ghe@ogécond

| ayers 128 gnd‘ 122. As,seen ipn Figure 16, the guard plates 124 and 126 of

| ayers 20 122 mcm%%mor@@@em ET%W?‘?ITP&"?%PF‘B@Q thapbgen nter plate
spacing 130 form a non interconnecting network of square apertures 131.
The apertures d8dminet thatibissasiés toicenirolyhepraitiontand erisinrize hptsizewfn guard pl ate
coverage of the fabric. Interposed between the layers 122 and 128 is a

base material dprtuidstiitld SF1GRGEEfabrie than irethe $IF 13 StytefabliayThagefors thesur f aces
of the base material 47. Figures 34 WO 02/10667 PCT/USO01/ 21541 17A and 17B

are cr oss- Sect eagh10 il -S4 GHSF17akgRa BRI ARIBI nes A and B

respectively. Figures 18 and 19 are an and cross-sectional views,

respectively, of t her. b t, of..t heihnvent.d ve. f.abr. 22,
havi ng first and tﬁﬁ%ﬂltgglggﬂn%ﬁiﬂg‘g@%tag%%a&gfggoﬁlﬂfgt’gg%ﬁlﬁgﬁégﬁﬁf guard
plates 42 and a second iptervening |layer 72 of aperture plates 74, As seen
in Figure it Yimgove am#e&péﬁwmvréka@oﬁaﬁ@@gmswr@h%@dami%%ef 42 are
spaced fromeach other and oriented in a first guard plate layer 44 with
an i nt er conneci grayoif equilaterablexagons 124 inderpoded ¥8th an aquakimibey of squareguar d
pl ate layer 46, which is identical to | ayer 44,

126 constitute the guard plates 124 and 126, The guard plates 124 and 126 are

)

o=

spaced from each other and oriented in a second gnard plate layer 122 with a
connecting material 15. A first gnard plate layer 128 is identical to layer 122, also
15  with a connecting 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 other 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
a non-interconnecting 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 material 47. Figures
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10 also with a connecting material 15. The two guard plate 42 | ayers 44 are
i dent i cav0 o/6é6hose shown in Figure 9 above. The connectPCjUB(28541al 15

mai ntains the pattern and inter-plate spacing of the plates 42 of each of
the | ayers 4t7Aan #A3 afehaodsviaclianabviswd of Bigure/l®, taken alongtheiimes ddamhd .
oriented to each other to mnimze registration of inter plate spacing 48
between the Bifglecapdlyl hird layers 44 and 46. 15 As seen in Figure 9, in
this orientation, the inter-plate spacing 48 forma non interconnecting

networ k of siXx poin t al- I &S ' : 19B-are .
cross-secti onal %@%‘3&? a?ﬁ?%ﬁ%@%%@ﬁré&éo |guy£eh%§e§§eﬁglgéri%’ga£d bet ween
the layers 44 and 46, .as se i.n FL.guges d, 19B, .are sheet s of
base nat eri afoAYer e ﬂméenéPﬁgﬂeém@H’rﬁ%@Fﬁé&fﬁ@rP%\‘fm&@“ﬁ‘iﬁz)rgnnecti'ng
material 20 15 interconnects a second_ |layer 72 of circular aperture plates
74, each of supenmpossdesinggssedilayers 4 end 46 obguand plates#2iandmpisgegnd 18, the guard’
plates 42 of |layers 44 and 46 and the aperture plates 74 of |ayer 72

- toget her covintervéninghyer 72 éfdpettare plates’ 4 eAsseen ueFigureal §, adenticalof thi s

i nventive enbodi ment may be assenbled w thout the connecting material for

the second | tefd bekagonhLtaBéd ARRA plafes 42 o DacedRomibac b@es@@ond -| ayer 72
may omt the or?necti naégarlrlateralﬁéa(} 15,f)because ?Eg 35 WO 02110667

PCT/ US01/ 2154 rt e Subj | stresses,
s they vour Rt 4 6 led bt by HuSiBPln B Gikotdh SR MG, - -
connecting materjal, the second | ayer 7 of . cl.,rgul a rture plates 74
are establisHé isa Ait%‘?ﬁé’ﬁ’é’étg“%‘%éﬁ%éyﬁra‘keﬂhé@ 1s-}cﬁ|eé1%g§éggq;(8r£41eet- of
base material is _then pressed onto the layer 72 and the entire 5 assenbly

i s curedl@o alsewithgroevaneatingsnaterjal 16 dhe tveo guard plate 42 laygrs 4 argidentical |
cross-sectional views, respectively, of a further enbodi nent of the

i nventi ve f ahythoschowalinFigles D ghastee Thasomiezting tratarialy15 fiaindainsithd t hi r d

superi nposed, staggered |layers 44 and 46 of guard plates 42 and a second

i ntervening baueh adPinbdr-plie kpating ¢fithd plated 42 ofSachasiMhd layérs 99mad 26, i denti cal .

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  Asseen in 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 ap@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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10 equil ateral hexagonal - shaped guard plates 42 are spaced from each ot her
and ori eNY@®R/10667, first guard plate layer 44 with a connBETIURHAtler | al
15. The third layer 46, conposed of guard plates 42 is identical to |ayer
44, al so wit h apertaremlases T4are natt sabject to §8boriding strosses,as ity warldbé itheys

mai ntains the pattern and inter-plate spacing of the plates 42 of each of

the |ayers 44 werd siface Pidted VWith ay®itBout thedcbnAsiting tnatdrial, Shipescomplagad2and
oriented to each other to mnimze registration of inter-plate spacing 48

bet ween | ayer 1ﬁ&da§fé?mr | ' ' ' ' af i t he
Inter-plate s;oaéft#‘r;\g 4 or@%ﬁﬁﬁ%%%t%%gﬁﬁ%%%ﬁ%s%%%?éég?&?%-ﬁ%oi nt ed
st ar-shaped apertures b The first.layer and. the. se d Jlavers 44 and 46,
bot h conposed SS?OD;é(fgﬁ?tiogg?sedﬂ%f?rbalbﬁ tg?rbéreﬁs?ga l&’tgﬁ@ygrg%mtﬁ%% SrVeni ng | ayer
72 of 20 aperture plates 74 are oriented and spaced identically to those
shown i n Fidgurassembly 15suged todhodegreengcess®yar e cross- sectional views of the
SF24 fabric of Figure 20. Interposed between the layers 44 and 46 is a
base material 47. Miguee2@12! sieplm ant lross-agationdl Xiofs, rgspedtively, gflaat es 74
enbedded into one surface of the base material 47. The plates 74 are

arranged in arfudhdr@mbadithdit obis envRtiey fablic 80)dldohREichited seSFAdhivid® t he base
material. Pressing of the plates 74 into the base material nmay take 36 WO

02/ 10667 PCT/ l@%? . M{#’ ly or
fully cured. It t g%%?#@h%@ﬁg}g&gﬁ%?@éﬁffﬁg cui g‘éﬁggfﬁze e% ng

Fequi red. | Thi SOGSRCREREEI S 720F ST Rifeh i At Seoh i SR doEeL  ne base
material is of reduced flexibility. This technique of 5 enbedding plates

into base fat earisterpbhexagonnl-shaped gusyd platesadare spacesl Heraeach ofhenandy| ar | y

where optinumflexibility is required. A connecting material 15 overlies
the surfaces oiftietted ibadestiguandiplai¢ lagdr, 44aith 8 cemertnghngperials 52 Thedhidl 21B. The
guard plates 42 are applied to the base material 47 through the connecting
material 15. Aaydrd6)conipdsediof ghartiblate42 Buddnticslltalfer 44 also with a

o

C

connecting mateﬁal 15. 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
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-interconnecting network of six-
pointed 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 pressed

25  into the base material. Pressing of the plates 74 into the base material may take
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10 of layers 44 and 46 and the aperture plates 74 of |ayer 72 together:
cover thwoentweée fabric 70. Figures 22 and 23 are plan POIVESOHRIS4EI gur es
24A, 24B and 24C are cross- sectional views, respectively, of an enbodi nent
of the i nvenplavewhehthepldiedare Ghéired, or piely crlfalbygcrrbd Ifitinepslates 78haved C, -
respectively, of Figure 22. Fabric SF25 has first 15 and third

Super | Mpos dnotYedAGaNPerbdbstt Hiheessdbinkd ta At mt-AhE MektiRnd a second

i ntervening layer 72 °of circular aperture pI at es 74. As seen in Figure 22,

'o?ﬁQﬁ'C;'r]deSr. el Rl %"gﬁféﬁﬁﬁﬁfﬁ e T e §%ﬁe§§t.f23m| cach
46 42,
Tayer a4, ol SEOEA oS8R ettt ardse Aoable BhEfechgiohF of pi ot o a2

| ayers 44 and 46 are |dent|cal to those shown in Figures 9, 11, 17, and
20. The aber cubeddingplatesintp hgsermaterial vouldnelbegised foy surfacsplatBown in Fi gur es
18 and 20. The connecting material 15 naintains the pattern and

i nter-plate paticulatyafhetdeptimmi fexibiliteis réquicdd. each of the |ayers 44 and 46
and of the aperture plates 74 of the layer 72. The two | ayers 44 25 and 46

are superi nposed ﬂ‘ébn%étﬁi%‘rﬁﬁeﬁﬂ 183fBrlfes Y sutfacd¥ o tHE taBe hfafriaf 4Atakon of 37
WO 02/ 10667 PCTI USQOL/ 2154 inter-plate spacing .48 between the first and

second | ayer g gggﬁgs%mm ol kY S okl Sy | 1

inter-plate spaC| orm-a non-i nnec SI' X-poi nted

star- shaped ture n FEigures and e size
and positi onf ﬂghf rcﬂmﬂﬂ f??a{)fé ‘g§/§ lﬁlﬁ‘ﬁziéh Qﬁ'@t"éﬁgrt ure 5°
pl ates 74 of |ayer 72 conpl etely cover all of the apertures 50, so that the
fabric $F25of lnyetsifidi aad doyand theciperutsiplatesc/ 4 ofipysra2itogetis cpvmtbesem:zeand 74
Figure 23 is a viewof the layer 72 of aperture plates 74 superinposed on
the | ayer 44fadricd@ard plates 42, and showi ng the position of bonding spots
102 for bondirng the guard plate |ayer 44 to layer 72. Wth reference to

Figures 24A, 24B Fqehres™®D arldi3caré PRh 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 oriented 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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10 the guard plates 42 of layer 44 and the guard plates 42 of |ayer 46 are
both ori HO8H1667t he exterior of fabric SF25. |nterposedPEEUMEEISEhe

| ayers 44 and 72 =bonding spots 102 and interpqgsed between |ayers 72 and
46 are bondi ngintgretate spaoing A8dwetweaen thenfirst endesesonddayencidignd 46. thseseehinn d | ayer
72 of circular aperture plates 74, each of which overlies an aperture 50.

15 Figures 25 BipdreXR imthés qrieatationdhe indersplste gdeinigals fuie Whonetepenidctingy, of a
further enmbodi nent of the fabric 110 o?thiﬁﬁs i nvention. This enbodi nent is

also referre ' j S ol is s gered

| ayers 46 anddnéﬁ’o*ok;bftes%&u ?@ﬁ%%ﬁ%g@“ﬁ%&%lpﬁsﬁ@% éu%ezrizitﬁrrlgose each
other, with a iyd. superinposed.l ayer. 72 qf .eircular erture plates 74.
As seen in Fi g%%f:ﬂi@s,lz 'pgglﬁg?@ﬁpfgﬁ%&Pk?eér‘@rl()fﬁ?gfrég‘%rﬁpﬁgﬁﬁéﬁbe a@pﬁgprg pl at es
42 are spaced fromeach other and oriented in a second guard plate |ayer
44 with a connldtes 7d ofiayes T2gompictelx coyeriallof the-apartyrens® spglgeéut Qﬂgbm%

i dentical to layer 44, also with a connecting material 15. The two guard
pl ate 42 | ayer SF2¥iszompletiinciverdd bydhe barskinatiomaf plates2cpmd §49 Figute 23 is
connecting material 15 maintains the pattern and inter plate spacing of the

25 pl ates 42 of vRACHT b lay&rer2l cfvpérfurd flat 044 0peribifoséd\on tha YBfch 44 6f pield 46 are
38 WO 02/10667 PCT/ US01/ 21541 gﬁperlﬁrrposedﬁ%nd oriented i@{) each other to

mnimze regis i i ﬁ%ﬁ] y t : ' and
second | ayers é%%gﬁg’%fgsrl{)%r&%agdse Bleot‘?.‘f @ea%dﬁﬂg??ﬁeb% %e@?%%ggg@s a base
material 47, as en i he cr -sectional.,.vie f ELqur, 26A and 26B.
As seen in Fi gﬂlfiﬁyerﬁ%tq hygr @ gﬁﬁléﬁ%cﬁfﬁl%%? Fﬂg}lgeﬁ% %%I%ﬁggigpté%? %948 form
a non-interconnecting network of six- pointed star-shaped apertures 50. The
third | ayeld 72thsuardlaesd2 %fﬂméiénw&t@érdmat.es 42nfdaysr 48 aRotht the | ayers
44 and 46, with the aperture plates oriented to the exterior of the SF26
fabric. Fi gur eotdéntedtovbe exterionof fabeie/SHRS5+ Inderposed betyvesp thedayet944 awd Zeen in
Figure 25, the guard plates 42 of layers 46 and 44 and the

are bonding spots 102 and interposed between layers 72 and 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 staggered 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 guard 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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10 aperture plates 74 of |layer 72 together cover the entire fabri.c 70. .

Fi gure 2W0®/186631 an vi ew of anot her enbodi nent of the faOrasodeiseai this
i nvention conprising a first layer 144 of hexagons and a second | ayer 146
of parall el eoperitmpobdBandroripntedto 28¢h cthek t3 dinimire repistraticrecf intenplaté Fi gure 28
taken along lines A and B of Figure 28, respectively. As shown in Figures
29A and B, 1 mimﬁﬁﬁe%@aﬂ%ﬂﬁ%@%%@%e material 47 and

connecting material 15 1nterconnecting the array of hexagons 142 of the

first |ayer 144. ) | rd I | ; t .

paral | el ograns 14 g’fp%? e g“é’%:%n e@%‘gr%%&g%‘lﬁ%b%a r%gi?'gy%srs;egﬁﬂh and 146
are bonded tq the base material .47 i n | tabl e magper to. neet the

desi gn needs%EﬁchWésePfé‘?}}gr@ey FgUEes g‘?ﬁa&hz&#a PG I%ﬁ-b’ ‘?gﬁ‘s

i nterconnected gaps 143 in the shape of squares. Figure 27A, B, and C
descri be & poserigion theinterplatesnasing 48 fpre anen-interconepeting aetavopk af #ix1 ayer
especially suitable for nedical material. Puncture resistant material for
medi cal gl ovpsintedsstarkshapedlf dpertmes 50.c ThethirdlayeraR nf airculaleapestnid platto¥74 - medi cal
personnel, yet provide a high level of puncture and cut resistance agai nst

25 sharp nmediggalief6ibBRe BiYersRiang 36, Wik tpbR@eplaaordnted Bithd tY :
requi rement 39 WO 02/10667 PCT/ USOL/ 21541 “dictates that the merial nust

P L B GRS K ALl A B Vo0,
TRy oL be SY18! S SR Ao ot thod e RIS S oL g 1o ces

conbi nation ofthinness, flexibility, and strength, the polyneric plates
nust be 1Pei ﬁpm@ala&s7A@§ﬂ@@éazwge¥her@‘@rthsleaf§&fabm@-f abric illustrated
in Figures 27A, B, and C utilizes netal wre nesh enbedded in the pol yner
resin used to fabFigme 28 istaylapviewest anvthecembatimentiofithe fabric 180 af thimy al so be
ef fi caci ous, depending upon its type and characteristics. A typical netal

wire nmesh is jhwation BehpridngTa Fifst 1dye€ K44 of hexagons and a second layer 146 of

parallelograms 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

manner to meet the design needs of the fabric application. The fabric has non- -
20  interconnected gaps 143 in the shape of squares.

Figure 27A, B, and C describe a process of making a métal wire reinforced
guard plate layer eépecially 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 softness and flexibility requirement
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10 and made of steel. Figure 27Cillustrates a fabric 50 enbodi nent of this
i nventi onWEHPHIYs 27A and 27B il lustrate intermedi ate st BEFUSH/AHM

manuf acture process of the fabric 50. The fabrjg of Figure 27Cis
fabricated wi tdictates thiat thie mdfériad mustthecfrntydhinopreferabiininpen frandmm.e 54 bef or e
the polyneric resin of the guard plate 54 sets. The 15 process includes
covering a shesatlipl I$yenwe usddgtheabickiess ofldackplate lapdr adustibes redneliio 182 and

t hen pouring polyneric resin 53 over the wire nesh connecting materi al

conmbi nation ashghwh lichintdy idt BE Surtblexily s&n@@&%&isf%%?uﬁﬁiﬂ%ﬂ%ﬁﬁfn@ the

formof an array of guard plates 54 1s placed over the wre nesh

52- connecti ng terjal ~raesin 53,conbi nat ._dh k. pattern has
openi ngs vvherﬁﬁ%ﬁyﬁgéﬁeﬁeﬁﬁqﬁggﬁ%{hyﬁ rfooﬁzgg&gﬁﬁ%a%egu&fm shed
fabric 50. The photo nmagsked materiagl is then exposed to ultra violet |ight
to cure thé rEonpumsbon ght %gﬁm@%@@wrha@epﬂiﬁ%@%@%b@h is the
guard plate 54 array. The unexposed, uncured resin 53 in the gaps is then
washed away yireinflireegl ariveplacedavitheaiptal plates bThecfabti¢ tlustratedeh FigureF 2 A, 27 B.
The internedi ate fabric now has gaps 55 between guard plates 54. 25 The

exposed netal AEGwutHZehiclabaire bidih eiBedRASn 8 polyleer edsit hefh@fbscdtd i s now
40 WO 02/ 10667 PCT/USQO /21541 etched away, using ferric chloride for

exanple, to pr _t\kyge b elsﬁaﬁ ' ' ' as ' i gure
27C. The fabr itgg Bro uce b@lt |s%ﬁg§¥§kﬁ§§%§ﬁn&&§rray 0 ggu‘g’rog pl at es
54 integrally.reinforced wth. netal wi,re nesh 52. .And. .th d. pl ates 54
are inter-con éﬂ?y%eoawggrgﬁ%%%{cﬁnéa%&cwgﬁewmm%ﬂesgg}agﬁggﬁgsat@ﬂ(men t he
gaps 55 and thrqugh and integral_w_.th the ard plates 54. Fjgures 30A and
B are crodd-s inefﬁapfstp%lm@%re %Y{Bﬂivétrate%%ﬁnﬁéﬂmgfﬁmeﬁt ofthisyent i on
conprising a netal guard plate layer 151. The netal guard plate 152 maybe,
for exanple, finpmticontREgures?Hyaxl 278 Blusirate itt¢roiedistecsteps dis thegnauifactiireect . A

nmetal sheet 155 is bonded to connecting material 15, such as a flexible
substrate 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 54 locations are to be in the finished fabric 50. The photo masked material
is then exposed to ulira violet light to cure the resin 53 that is not covered by the
photo mask, which is the guard plate 54 array. The nnexposed, 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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10 chiffon, by conpletely covering the connecting material 15 wth a -

f 1 exibl e WRBHUEFY agent 153, such as a pol yurethane as sROWUSO/2E84gur e 30A.
The nethod of conplete, coverage results in saturation of the connecting
material 15 <tchedaway singfordn ehjoridpdar exanwle, do progupethe fabriesd0 ofithishe
connecting material 1 S. Photo resist filnms are applied to both sides of

t he conposi t cnvéntion as shoWwin Fg@RAR7Cn The dabaicd Olpirodhcetl dydhis pyocesstiasan and t he
nmet al sheet 155 is then etched to | eave an array of guard plates 152 that

are di sconnecdrsg SPinfeiralBerefiifctéét with thedl Wird @i2sh SThAnply 0 resi st
material is rermve ter the etching step. The guard plate array Is held

in the pre-d aw Qﬁﬁ dsd! 15,

whi ch is bo%i 0 tﬁje guareg %t esl%gl%giyﬁ E??exr q%o |ng agent 153. To
further nce e st abri ¢ doubl g | ayer of guard
pl at es 15 ca %ﬁ ?rﬁ%?@%efngdﬂrd ‘Hfé"ﬁﬁﬁi Wég?gﬁg ?Bg so%’l‘h si des of the’
connecting materi aI 15 _and then perform ng the fabrication steps on both
sides of the netalFiguesd0A apd Brase crosgsacional ivigwsiof agether epbedimeytofet forth
in this paragraph. An alternative nmethod of bonding the netal sheet 155 to
t he connect i rihis iéention eornptisit® a myetal gnpidedate layenisd:. i The métel ganhplatei ng
material 15 with the bonding 41 WO 02/10667 PCT/ USOLl/ 21541 agent 153 as

des ed in thelgrsy ) foritxample] Bbricatéd 6410 2 b Banil Haclesnintes stog shegat arial to
the metal sheet onIy at the |ocations where the guard plates will be

posi tioned i f@ﬁshearrglﬁts&néea%tmagf fetall13) Snclitsiftafile RMRAIEO. 2

strong, usua y rigi epoxy structur 1esr ve tive

spot bondj ive the 0 ondi ng agent
153 can 0 S BifRHT B3 oY Enl iy RBveri i oo AR P AR 15 3B BRI T
met al sheet 155 I S bonded to the connectrn materi.al 15 before the bonding
agent 153 setbondmgagentdR3. suck ag apolyursthiae ag Shovm B igure 304 (Lheimethod 4 i ¢

150 that suits certain design criteria, the preferred bonding nmethod is to
use a cont i nufiwemplejesovetagsaemitsin saunlioniafthe qungecting material 15 so that the -

bonding agent 153 covers both sides of the connecting material 15. Photo resist .
films are applied to both sides of the cqmposite shown in Figure 30A in a guard

15  plate array pattern and the metal sheet 155 is then etched to leave an array of
guard plates 152 that are disconnected from one another as shown in Figure 30B. - -
The photo resist material is removed after the etchingl 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 agent 153. To further .

20  enhance the strength of the fabric 150, a double layer 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

25 material 15 by completely covering the connecting material 15 with the bonding
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10 spot bonding nethod limts the accuracy of the guard plate 152 size and
shape andw?ﬂgﬂljéb 154 between the guard plates 152 due t BCTNSVHALY ent
variations in the rheol ogy,of the bonding agent..adhesives used for spot
bondi ng and t &Rk B3as degfribed iy the preyious paragrapihisde speithosd flesconpectingf t he
continuous application of bonding agent is limted only by the etching
process, Wwhi chmaterisldo pheametal shicet. onlysattige IobatiohS wheretthegumnd platesiwiilt bei on of
bondi ng agent 153 allows the creation of narrow gaps, up to the thickness

of the netal ShRRiond® thbebmpRRAHRIASE! Wikl Biethddbbordf! SRRRE, t he

puncture and pierce resistance of the fabric 150. To maintain proper

flexibility of - at Wall [ ' ' IS I mportant
that the gaps ‘B“%@%ﬂgﬁgg’ﬁ%ﬁﬁ"a egdlfée%@}reth %seg%%gfﬁ%ﬁ% gl;oisgf)%b({ at may 20
conpress or_ stretch during flexing of the fabric. Because the guard plate
ter a1 odpRye R 6 5 feshinaso Tho B eeere ok e b Sy b
bending the fabric is concentrated in the gap region. Even a soft nateri al
in the gap redimimthewpnnecting pptesighty, plterovhieh %@ﬁ@fﬂcﬂl@ﬂéﬁ isghoaded toghe t he
whol e fabric because the strainis anplified at the gap regi on. Jamm ng of
t he nei ghbor i ngnoecting npteriat 45 befotdihe baddingageht 153 detsl ethdugh, thdwpopap i s too
narrow can al so conpromse flexibility of the fabric. 42 W 02/10667

PCT/ US01/ 2154 YonditsSiphyath ASuIR in AFAHIIGH A stitdetaidl cﬁ:&igﬁ cAfefid/Be When t he
gap size becones snuller than the thickness of the guard plate. But with

the netal platg 4 -1 j -5l Lt Ibl-g to
narrow t he gaﬂﬁ gﬁ#gaﬁgf{d\%é@ﬁ%{ﬁﬁg%%gé?@dg gon%&%@?&%%ggéédﬁg?&ggﬁ%ﬁ geuar d
pl ate thickness wthout c o ging overgl|l 5 flexihility. e nar[ow ng
bt "t e gapt s ol bAmEAEoL L Teclsi i deshard Betecisg g apd e el o
chance that a {;enetrati ng instrument will penetrate the fabric of this
i nvention. Et dhe & tMdeiseaghe puprd plates 452 deg tp the nbersot vasiations igdhe as thin as
a nmetal sheet thickness in the. range of 2-5 mls can be fabricated. A 2-5
m | gap size irheologyctf therhondimg agearadhbaivesyosedfol spot bondihg ambthle processtifch range
from13 mls for

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 imporﬁant that the gaps between guard plates are free from materials that may
20  compress or stretch during flexing of the fabric. Because the guard plate material
is usually rigid and inflexible, 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 if the gap is too narrow can also compromise flexibility of the fabric.
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10 insulin needles to 31 mls for a 21 gauge needl e 156, which is shown in
Fi gure, WD 02/1866Jap between plates of 2 mils will stop a PCTgH0YRisAtedl e
frompenetrating through the gap into the wearer's skin. And, since
flexibility @histjmanfiagof neighboring peard pthtestuenutsivehenlthe gaptsivedicnamss i S no §
greater than the gap size, the plate thickness should be no greater than 2

mls. A gap sigRerdh@pthethitlarss 6f the mtardiblate. Wit whith thle dibtilpatoR@Er ati on of a
21 gauge needl e through the fabric and since plate thickness should be no

greater thangi; | sl ke . b 5{@@; [ | ml gap
si ze shoul d g%aﬁxg greg%éjiﬁl tsﬁlglg’lgis%%slﬁlgq%hre uﬁéaﬂé‘iéz’gw%{‘ taeh esglzagd't hat
wll stop a 2 uge needl e, therefore. requifes a plate. thickness in the
range of 2- gfagﬁ%ﬁg_ *f?gﬁeﬁﬁwﬁﬁvﬁ@?@eﬁq‘ﬁt@@ﬁ@%&m&s P88  enough to -
resi st penetration of 20 the plate at, thicknesses of 5 mls or_less. On the
ot her hand, Aexbility) Bhemarioyingef the gap igiaworthwhileczos! begawse the snaller they enough
to resist penetration. A 2| gauge nedical.needle, as illustrated in Figure

32, consi st sgay the ledsahancetthas afpehéirating idsprumentiwill penetratg ¢he fihdc afithiss of t he -
tip is about 26 degrees, so that for every 1 m| of gap size between the

netal guard plvahien. EicBingitéchAblobyi shSfiditlyGRecisdhacy@#pas tHin'k honetdll the gap
size between netal guard plates 1s 2 mls, then as long 43 . WO 02/10667

PCT/ USO1/ 215g]eet &gcﬂgfsaithfe{gé %aﬁ%% ?}f dzd-tS %ﬂfs dall®8 fﬁbrfcgiéeh.s A 3 86nif gﬁg&ﬁ‘e is! p whave .

to break the guar e gap in order to pene te through the

fabric. Even wh dle.tip directly hits th L Lowid | tak
cortain | evorng e g Thice) Rufical fostles WP ke BRPL LYY gap because

e apale ol B st B iy 2
optim zing the design paraneters when designing the fabric for various
appl i cat i ons Aagapi betwesn plates off Zimile wikh gtop @ 2dIgaugeneedis fiom penetratingeak est
points of the fabric, the gap between the guard plates. If the gap size
bet ween t he through the gap into the wearer’s skin. And, since flexibility of the fabric is
enhanced when the plate thickness is no greater than the gap size, the plate
thickness should be no greater than 2 mils. A gap size greater than 5 mils will not
15  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 thicknesses for use with
a 5 mil gap size should be no greater than 5 mils. To reduce the gap to a size that
will stop a 21 gauge needle, therefore, requires a plate thickness in t_he range of 2-
5 mils. Typically, polymeric plates are not strong enough to resist penetration of
20 the plate at thicknesses of 5 mils or less. On the other hand, metal plates in the 2- .
5 mil thickness range are strong enough to resist penetration.
A 21gange medical needle, 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 1 mil of gap size between the metal guard plates, the tip of the needle can

25 advance 2 mils. If the gap size between metal guard plates is 2 mils, then as long

43



guard -plates is sufficiently small such that the puncture resistance of the
gap is 10 XRGY siiding of the needle tip on the surfaRETESOYASINEL al
plate is less of an _issues:n such a case solid;metal sheet w thout any
treatment for raééhesfab%wrﬂ@%ﬁréhanﬁm%theemeébupgﬁlimﬁ@ito&makthmmai n a high
| evel of puncture resistance. A material suitable for the netal plates is
st ai nl ess st eelplattsrourl thagamig oade? to pemetateithrohghi this fisbsis, BvieBwhEntHeer

UR. -2139 and Ci ba 2040 pol yuret hane adhesives 15 have been.found to be

effective. Theseedldtipdirv@Ey et will Okelat@itdin idvaKoioldeliy th Beddle 20Ndi Ng
strength, and thei rﬁgbi I(igﬂt%'y to mai ntai n good bolrlldi ng streengjih a?%‘%? t he

et ching proces ; ' L the t he tal, plate
constructi on, M@gﬁﬁ@hgﬁéﬁ%r@%&ms sélg&%#s}}%éﬁgﬁﬁﬁ STAM :}%mﬁtagui tabl e
connecti ng terial .for .enbeddi ng.in adhesive is _chiffon fabric. 20 An SF15
fabric, as Il @é‘?@a"f@ﬁs’ flﬁmﬁp’@ ?Iég“be ﬁﬂ?f‘“i’ﬁ’, densile steetehing o ‘zﬁb?ﬂ?e

nmetal lized guard plate approach of Figures 30A and B. Two netal guard plate
152 | ayers arema®tnl Byentigirinedheiesign passmeters avhen desigrfisgtheffalyin fohe ot her as
described in connection with the SF15 fabric. Between each netal guard
plate 152 | aywariows applicetionswesizablelesiétincemay baishtaiaédehenat fHeGebakesdl. The
base material 47 25 can be the synthetic |leather nmaterial Amara. The netal

sheet 155 may PeinkOsTdRS abAG the gap betweenthe suard plafes, H‘ﬁm&%&yﬂs‘%{é
PCT/ U501/21541b to the base rraagri al usiengguag %or?(s:ii ng agént %&‘.“’%‘%‘f her

bonded toget hel s Lhriay REpRel) bt A B0 ef pRAMEARTRlR BE K oBif voon
th A flexible bondi ial i t ffi ' , Jbut if igid
bondi ng. i br i Afeateyailihe S5 A0l 8 e pbre oA AR sl 6w oTBBNGI ng of

the two sheets is necessary to obtain a flexible fabric. In the two netal
sheet enbodi ne#sue. Jasue eedse solid metal sheet wifliont any teratrbet forgesistingaeedlet he
netal is etched to | eave disconnected plates to forma flexible plate

| ayer. slide can be used and still maintain a high level of puncture resistance.

A material suitable for the metal plates is stainless steel sheet 2 having a 2

to 5 mil thickness. H.B. Fuller UR-2139 and Ciba 2040 polyurethane adhesives

15 have been found to be effective. These adhesives are chosen for their flexibility,
their bonding strength, and their ability to maintain good bonding strength after
the etching process. An example of the base fabric used with the metal plate
construction, with or without wire mesh reinforcement, is Amara. A suitable
connecting material for embedding in adhesive is chiffon fabric.

20 An SF15 fabric, as illustrated in Figures 9 and 10, can be made using the
metallized guard plate approach of Figures 30A and B, Two metal guard plate
152 layers areused. Each guard plate 152 layer is offset from the other as
described in connection with the SF15 fabric. Between each metal guard plate
152 layer is a base material 47 as illustrated in Figure 31. The base material 47

25  canbe the synthetic leather material Amara. The metal sheet 155 may be bonded
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Fi gures 33A and B depict an enbodi nent of the fabric of this invention
conpri siw@ozitséd guard plates reinforced with wire nmesh.PGI/GIMEIYBA i s an
10 intermediate step in the process of manufacturing the netal guard plate
rei nforced -teithecbaye alatdrmbusing 4 66ndiiig egann 1 £3. eitheor embodimend oz douhie a
conposite of a netal sheet 155 bonded by a bondi ng agent 153, such as a

f1exi bl e adhgghVslate!fBbriccoRiRiztd 1 MBlabiHeals bbhdedtusdthaswidhor Withoutwhi ch is in
turn bonded by a suitable "bonding agent 153 to a wire nmesh'52 with the

bondi ng age . oL e f Etx%g ] s tch results
due to the P@ééﬁg{&?&%g@%ﬁ%ﬁvﬁ%ﬁ&%&q %ﬁ\éln{s&p%%?’%g oﬁdtﬂ%e por ous
wire nmesh 52, .it.ru through the wire.pgesh 52.  Durin he,.fabrication
process, as gﬁ@ﬂ%&?‘i’@%@@g%@ W%ﬂﬁ%‘#@&rf@&@“ﬂﬁ? than"and 30, the
fabric 160 of Figure 33B is formed, which is conprjsed of netal_ guard

pl ates 1952 reontinwrusdending of thetwoshests 5neesssary fe ebtalp afledily fahrich g
connecting material 15 that is an integral part of a guard plate |layer 162.
| f  necessarthe two meta shidet embadimanty phateresishifilma dre appledloaybotissidés apdar d " pl at e
| ayers 162 nmay be stacked upon one another and may be registered with

respect to Of6 metd) N &tEKedI6 Idae Hisboiteated bldtdsas fondd £fekible plite tayen t he
multiple layer fabric may be mnimzed in nunber and size or may be

total el | m nat ofy 45541002 AABRI AE LA PIPAL ful s Bt 1 oo

anot her nethod for®bori 1ig imu yers toget hi's net hod of

bondi ng may be used with al any.enhodi,nent of, the f | ¢ _depending
upon t he speﬁ@?@%&%ﬁ%ﬁgﬁg&sfﬂﬁfoﬁ W@hﬂ?%rf@"seagé?s%e obj ecti ve
for this bonding nethod or arrangenent is the same as for other bopnding 5
met hods 10 | istermedigteisteptin the prpecss aEmapufagtypng the metal &%%plﬁﬁéemﬁvﬁ

toget her securely while not sacrificing the overall flexibility of a

mul ti -1 ayer ewirt adesh €bric160b Thelinteymedistssieh Sonprisesh gomposite afeimetales t hi s

obj ective by using flexible adhesive arranged in an array of shapes in the
form of di sceneeerdsabntiédBsa borditg ageaal$3) such as a flexible adhesive, to -

connecting material 15, such as chiffon, which is in turn 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, whi¢h is comprised of metal
guard plates 152 reinforced with wire mesh 52 and interconnected with -

20  connecting material 15 that is an integral 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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rectangle or simlar shapes) 81 w th neighboring disconnected |ine shapes
10 per pendWOW@R/Aa9667 0 each ot her. DESCRI PTI ON OF FABRI C TESTI/USPEI541

Equi prent and Procedures Needl e puncture testing,was performed on sanpl es
of fabric descri bedFignre 34/illdsteyssanbihermeihod fosbonfing niuitinle layersdogether.

resi stance tester, nodel nunber DPS- 15 44R, available fromlnmada, |Inc.,
450 Skokie B Vll*hisni“dﬂlidd&:f%@ﬁdinélﬁ{azhkmé%withh]nﬁﬁﬂﬁx?/-exﬂmﬂimem@t“tﬁe&‘aﬁr&ster i s
capabl e of measuring forces in the range of 0-44 pounds. A fabric sanple
is placed on t : : . ) [ ly 20 mls
in diameter w ?ﬂ’ﬁ%&ﬁg"‘gﬁ‘g%ﬁ%@? %@g@sveg?itstg% ég%ﬂaﬁ%c%gg%e?@ probe, which
I's positioned vertically. above the fabric sanple., The praqgbe es .20 toward
the fabric sanPPE&® MG&IW%JsﬂQé&gW?W%ﬁ%?@%%W%M £ The
puncture tester neasures and records the peak force attained during the
puncture alt emsthodeRiuptratedsin thisdisclosprecthpt ig to band thedayeriqaether seagelyi s at a
90 angle to the surface of the fabric sanple. The tester is adjustable to
vary the angl ewhile ntiisaérifiditgetht eserali dexlibdity npa mybislayered fatvie. fThbibondisgnpl e.
46 WO 02/ 10667 PCT/US01/21541 A cut resistant tester was designed and
constructed tonfefipt SHREFpute ILhidved s SHiedtive by adthg BekibRi ddBekive) t hi s

specification. The cut resistance tester is simlar to the standard cut

resi stance tes ' - qﬁ]{ég hod f or
Measuring Cut ﬁg@%@gﬁ%&ﬁ%&%@@%ﬁ@@@%ﬁ% rgepec |$/°-eg%% th?ng. A
fabric sanple is unt ed .on .a brass sheet..cavered wood rum of the
tester. A razofecﬁpnglﬁé’f'mgflﬁﬁﬁlf?@ﬁsﬁki @%}%@bogpgr{hgfoqnﬁ%teggpeﬁ Yer, rests
agai nst the fabric surface._ A predeterm ned weight is applied to the |ever,
creating & knp@mendipular tgyeachofier. The drumis hand rotated at a slow, fixed
speed so the razor blade cuts against the fabric and parallel to it for a
di stance of 4 DESCRIPTION OF FABRIC TESTS

_

Test Equipment and Procedures

Needle puncture testing was performed on samples of fabric described in
this specification using an Imada puncture resistance tester, model number DPS-
15  44R, available from Imada, Inc., 450 Skokie Blvd., Suite 503, Northbrook, IL
60062. The puncture tester is capable of measuring forces in the range of 0-44
pounds. A fabric sample is placed on top of the tester’s metal base. A needle
(typically 20 mils in diameter with a cone shaped tip) is attached to the tester
probe, which is positioned vertically above the fabric sample. The probe moves
20  toward the fabric sample with a fixed velocity (for example, 80 mm/minute). The
puncture tester measures and records the peak force attained during the puncture
attempt. Bach 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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10 the razor blade cuts through the sanple within the 4 inches, the -

t hr esholwb o24t0661 hr ough force is neasured and recorded. IECI/U12254pl e | S not
cut through within the 4 inches, the test result is recorded as " no-cut."
A new razor bl adej it resistdnt tester wacdesigaed andlemstritesdiiottestdlie dwbri c Sanpl es -
Usi ng The Puncture and Cut Testers 15 SF15 Fabric The SF15 fabric is

i1lustrated éﬁ&ﬂ&%ﬁ@ﬁﬁﬁe%ﬁﬁﬁe&ﬂﬁsr SRNQRGE. e cfi FesktARcelentads 10.

Anara(r), a non-woven polyurethane and nylon synthetic |eather, is used as

t he base materi.al, i [epari a.s I f , g7 base materi al
i s about 20 ngrtettﬂ%ﬁaq%é ﬁﬁgq?ﬂ%ﬂg%gﬁﬁgﬁgaﬁscg’%‘?%%’i?@@ﬁbﬁpm yester 20
chiffon connecting materjal is laid og top.of th mar a( and pol yner
resin plat eétmﬁiﬁégﬁiﬁf%&wm%&%@ﬁ%%?ﬁg tfii?f%{dg“'&’&o m | thick
stainless steel stencil. The printed pattern is a hexagon array wth 80

i | hexadonsProtective Ciiithingt Arfabric sampleispnexnied o5eq hrasysheptecovesed groeden s 14
mls. The polynmer resin is a one-part heat-curable epoxy resin, formulated

by Fi el co | nghisi dfitRStester) CA razo? blade) attaciesd tRd leve? armiofithervgtiteste/atstey, PA.
19006 and designated as TR21, as previously stated in 47 WO 02/10667

PCT/ USOL/ 215415 {Sila'rbn_% St fab& 2A pPlietciBined Wellgtit s AppHbd fdhedevdt, chediflg C "1

one hour. Th ar stencil printing 1s done on the other Amara(r)
surface, with the hexagen ar r, [+ St in Figure |
B 10 obt ai nF EERERAP R DRl iPREM b QY A toBS SO 4 T OLLR,
Is flexible and i s, about 45 ml_s thicgk. Usi.png _a grabbit. needl e as a
probe, the p#Rethlade W&%Mﬁg@ fg‘?“"tﬁﬁ‘épﬁﬁilglt°§gﬂ’ﬁla@9§t%f’i°%4\ﬁé°$’e§i ermned to
be 3.5 0.7 Is. for a needle inpinging the fabric at a 90 angle of attack
and 3.1 10 7 thosazof blade cus throughethe sample yithin thed ipches, thedhrsshpld@ttnpasured to
be above 7 Is. A grabbit needle or pinis a pin found in an office supply
store. It i stheduphitfored isinbasured abidaemirded. Uif the samplerie notsdua thrdughi withint i s |
the 4 inches, the test result is recorded as “no-cut.” A new razor blade is used for

each test.

Test Results of Fabrié Samples Using The Puncture and Cut Testers

15 SF15 Fabric
The SF15 fabric is illustrated and described above with reference to

Figures 9 and 10. Amara®, a non-woven polyurethane and nylon synthetic .
leather, is used as the base material in preparing a sample of SF15. The Amara®
" base material is about 20 mils (that is, 20 thousands of an inch) thick. A polyester

20 chiffon connecting material is laid on top of the Amara® and polymer resin plates |

are screen printed onto the materials using a 10 mil thick stainless steel stencil.

The printed pattern is a hexagon array with 80 mil hexagons (minor diameter).

The gap size between the hexagons is 14 mils. The polymer resin is a one-part.

heat-curable epoxy resin, formulated by Fielco Industries, Inc., 1957 Pioneer Rd.,

25 Huntingdon Valley, PA 19006 and designated as TR21, as previously stated in
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10 used as .a puncture probe because of its sharpness and thinness. SF16
Fabric Th&V&EXH66%bric is illustrated and described in t hPSTASEIIF4Icat i on
with reference to Figures,1ll and 12. Devcon Plastic Steel (r) Putty (A) is
screen print edhisépecﬁ;@aﬁes‘t%ercﬁniﬁmatduadﬂra;tdZQ"L@%i‘rﬂmdmm ‘Ehengdimilae backi ng
using a 10-m | thick 15 stainless steel stencil to obtain a guard plate

| ayer as in Fisgncit plidtingliselone6n thelother AeRira® surftbe plith heChekagondbrapi nut es,
foll owed by 4 hours post curing at room tenperature. Three identical

| ayers are bo ' . | X shown in
y lg%ﬁktl%féﬁ as F%%%?@%e 168 ‘t@%’c&ﬁ%e BPE £2bA8 Seen

Fi gures 12A arid "12B, using F pol yurethane resin available from
Zel l er |International I . W Rt Park, .FL 789, .20 Fl eshTex(r)
is a polyuret ﬁﬁﬁ%?ygggﬁﬁ“ﬁwﬁ}?fiﬂfcﬁB‘fig@glﬁﬁé}s "fbﬁgtr%.lz)@ﬁréﬂ?é%i n.

Fl eshTex(r), cures .70 Cfor 30 mnutes. The total thickness of the SF16
fabric sanple wasﬁ?b‘éﬁﬁg’@ bifeedle agiprahe; the papciee rggigtanne afthe & 1est ed usi ng

a grabbit pin. Under a 2.0-1b. force, no penetration was observed at 90,

52, and 300 arsgnpk fairicowasnddterniited to be 3.5250.7 dbsi foranwedle impingingdhpfabrivas 14
Ils. 48 WD 02/ 10667 PCT/US01/ 21541 SF17 Fabric The SF17 fabric is

i1 lustrated angadeSaigloetattadk bid 31 {0 Ibk] fofs BOMankild &F attack. €Tl vue to Figures
13 - 15. Amara(r), with a 20-m| thickness, is the base fabric. The

materi al s use o td S A %é'eafer ; B

section of 5 ?ﬁ?ﬁ%&%&aﬁ“ﬂﬁ%@?f?gﬁ ﬁf%ga%g ri c.dﬂﬁi%\g\g\ai‘g}%lﬁ%gl%??nti ng
of the |l ayer 62.uses stenci | ern.ta i npri the SF17.guard pl ates 64
and 66, as sh ""1%1?9&13'9369’%- ﬂé’? ab#ﬁ%éwém?qmg‘géﬁ%aﬁg’%&ﬁ?%@ﬂ%ﬁ bl e and
has a thickness of about 45 mls. Using a grabbit needle as a probe, the
punct ure ridsi JFehse BCH? Brobe becanseof it sharhpgss an fes to be 3.4 0.7

| bs. for a 90 angle of attack, and 3.110.7
S¥16 Fabrie

The SF16 fabric is illusirated and described in this specification 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

15  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
temperature. Three identical layers are bonded together in properly registered
positions, as shown in Figures 12A and 12B, using FleshTex® polyurethane resin
available from Zeller International, 623 Ellen Dr., Winter Park, FL 32789.

20  FleshTex® is a polyurethane-type 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 65 mils.

The SF16 sample was puncture tested using a grabbit pin. Under a 2.0-1b.
force, no penetration was observed at 90°, 52°, and 30° angles of attack, The cut

25  resistance of the sample was 14 Ibs.
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10 I bs. for a 30 angle of attack. The cut resistance neasures to-be 8 |bs.
SF22 FabWiO02mees7SF22 fabric is illustrated with referenc®CT@®i/gismes 18 and
19. Amara(r), with a 10-m | thickness, is used as the base material 47.

Pol yest er -cBF17®#abriesed as the connecting material 15, is laid on top of
the Amara(r) and 15 stenciled with the Fielco polyner resin, as described
above in the sect IThe SFl7 fstticSFilludibated and desoeibedein ghie spbcification #@har ray | ayer
44 seen in Figure 19B. The polymer resin is cured as described in the

section tit| gderShddto Figkes 18015 UAKRrA®, a¥ith £20-nAl fiftknbady Riifie Bibe MlgicA6 are

formed. On layer 44, a layer 72 of circular aperture plates 74 is printed,

il ' i L . DL 4 . .
ohi £ on | myeis mHeisa b o Bk Bloodd TR bRl o nd e SUARHTS 2, |
t i nt . 72 W t hout. i f I . F t. f , th
aperture 51 agis sopsison e S8l5Tsbe- B Vs et RumEat BEIaYer 65 5559 | ayer s

44, 46, and 72 are bonded together, in propefly re i stered positions, as
shown in Fi gfpacllmttemtorgzmmathgﬁftlag\mrdalatag/G@and@g@ssmm igure 135 nay not
be cured before bonding the |ayers 44, 46, and 72 together. If layer 72 49
WD 02/ 10667 7hd tésthibig SFAS Fabriteis flexiblelxmd has b tleickness of #bobh4tlinilg | ayers 44,

46, aril' 12, the SF22 fabric 70 is then cured. The resulting-SF22 fabric

is flexible and hemiy 4 fablinasedledh aphsbe, tHebunblutSresitificdohls\WA 7" esi st ance
for this fabric, using a grabbit pin as the probe, 5 neasured to be 3.5

10. 5 pounds . 4] f angl e of
attacE. The g%%‘%%%&%%@%%%%%%'gﬁ%é%g’pgguﬁgél.ggg%k adrgl"(f;li 'ardgpl ate
| ayers of .th .re sh rei.nforc fabri.c are nade usj ng.t he rocess
tater T ook} hiiey 3 305 Silp ot Mtspk Te R rerifiane oS o BF e

S¥22 Fabric

. The SF22 fabric is illustrated with reference to Figures 18 and 19.

Amara®, with a 10-mil thickness, is used as the base material 47. Polyester
chiffon, used as the connecting material 15, is laid on top of the Amara® and

15  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 in the section titled SF15. Two such guard plate 42
array layers 44 and 46 are formed. On layer 44, a layel_' 72 of circular aperture
plates 74 is printed, as illustrated in Figure 19. The layer 72 may be printed

20 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

25  may not be cured before bonding the layers 44, 46, and 72 together. If layer 72
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10 Chem cals. The photo-initiator is Irgacure 184 from Ci ba. 100 parts of W
resin is WR0&d6aTi th 2 parts of photo-initiator. Wre mestCT/ESHAEM Sef ar
Anerica, Inc. The wre is, made of stainless st 316 with nmesh count of
165x165 per i hehnottiven cwid Befdiechonding liyersyd) 46,51 gﬁ@ﬁheﬁﬁ&@bﬁm 7Ads si ze is
0.0036 in. The weight density is 6.75 Ib/sq. ft. 15 In the SF16 design as
shown i s Fi guntkenlcuréd) dThbZesulthiy SR22fabriv is flegibleraad BAs 2 thicknesvafgboag.50The gap
size is 7 mls. The total thickness of individual layer is 10-12 mls. For
bondi ng, 31 myl;di aneter adhesive dots are used. They are separated 20
periodically by 0 34 inch. The bondi ng adhesive is Fleshtex from Zel |l er

I nternational . rts of Fle nen and | eshTex
conmponent B are m glguﬁpgﬂ%wieﬁ%s %arahﬁggotf% %ﬂ’fg%gﬁ’&gﬁ% tt%?m? ‘ow

nodi fier. The sanples are _tes SII’I ua di dles ith a 30
degree ang e’%?as‘ﬁﬁgﬁb%’”'ﬁlosé?@ﬂa ee?attqgﬁmfi?gﬁe%gpem % ons for
the puncture 25 test. Four sanples vvere made and 20 puncture tests were
done on each a@¢Plkangle ofaitagld The¢ eEHtRCT M3aire@bIeD polinds.| owest t hreshol d
force observed for needle penetration was found to be 1.1 pounds. The
aver age force SEs ¥abeie pounds (the average was based upon 100. data
points). The puncture resistance force ranged from1.1 to 4.0 pounds.

SUMMARY OF DETAI LERnfRRSsIRHcNb e hive btk teinfBrtbe dibie atemade ddMgSthb nvent i on

have application for protective garnments for individuals working in

occupati ons expgs ﬁg&lﬁ%asﬁﬁfggﬁétiwmw+£ﬁsw&9§td§3t¢&ﬂucﬁgch as publi c

safety offi ce I nists chers surgeons Dependi ng
the subst Zb%g a?wb?ﬁg%té‘-%n@m%ﬁ%%%%ﬁﬁf oo ante o tarlndn s ™

mixed with 2 parts of photo-initiator. Wire mesh is from Sefar America, Inc. The

wire is made of stainless steel 316 with mesh count of 165x165 per inch, The
wire diameter is 0.0025 inch. The opening size is 0.0036 in. The weight density is
6.75 Ib/sq. ft.
15

In the SF16 design as shown is Figure 11 and 12, the guard plates are 60-
mil hexagons. The gap size is 7 mils. The total thickness of individual layer is
10~12 mils.

For bonding, 31 mil diameter adhesive dots are used. They are separated

20  periodically by 0.34 inch. The bonding adhesive is Fleshtex from Zeller

International. 10 parts of FleshTex component A and 10 parts of FleshTex
component B are mixed and then added to 0.8 parts of Cab-O-Sil flow modifier.

The samples are tested using a 21guage medical needles with a 30 degree
angle of attack, This represents one of the harshest conditions for the puncture

25 test. Four samples were made and 20 puncture tests were done on each sample.

50



10 constructed, the protective garnents may have properties rangi-ng from
resi st an® 0¥W66%t abbi ng and cutting, up to resistance to RERARERISIVhen t he
fabric of this invention is used for penetration and puncture resistance,
t he pl at es arkherewlest dfreshald forrecbbsenved fartneediec penciraticn wesfowsditsbabl :
substance. Preferably, the penetration and puncture resistant apparel or

i tem made fr Qouadss TiRWveRgeforbdwhs 2.08 pBinde{thelavérafewas Basel ipok 2061 pl at es of
the array oriented toward the expected source of penetration or puncture.

Sport and outipieiaepahElpudlinf ARk bapar AL et %0 WY SRKED MRy e

I nsect and sna Apparel from present inventive fabric may
be suitable i £ YR l.fonments calling for _
protection fm{)gﬁmttﬁ§ﬁﬁgﬁm§ udi ng apparel for riding open
uncover ed_vehi cl es, suygh. 20 .as.notorgycles, industrial safget rel,

under wat eP di vi ng%&%‘?ﬂ%‘?’?&b"g‘&ﬁ%ﬁa V@W%g‘ﬁ‘é‘? °?‘%‘§Vg’f\éﬁ§&%§8t wear and
head coverings. Qher itens that require resistance to penetration are
made from f at@arraenss foripdividpale working in ereppriiong exnoged te-potentially imjurioysner s f or
oi |l tankers, ponds, landfills, swinmng pools and tires. Articles
requiring pernpenetetionnsuch as putdivesafety officart] mgchinists sréHees, sarfgeans, djthie 25

wat ercraft, such as canoes, kayaks and racing shells, or air mattresses nay

be 51 WO 02/1ike6 ®ephidingd 5idh/tRd rdkneéPdFthe b6, dilmemRions Mmdetyléddfihé nvention.

Apparel ft ether occupations as well as for applications in the nedical
and dental fi | | ' | . . Qﬁt“ﬁn
resistant su E%tgfﬁt%éé{ﬂgrfg m{cﬁ%é@%@%% E #ﬁ%p%égﬁ?ﬁfgﬁﬁéﬁoan Is

pon e 105 1eaBATiSR) [ BelFefiveRarnHa e e ] BYBStes S e S IR BRbpes of
the guard plates_and the .aperture plates and the supstance of which they

are made, mayo viabbing and eytting Jpie resisiance fo needles o Whepdhe tabpe o this be per f or med

and differing conditions. It may not be necessary to fortify an entire
gl ove with a ipvemtipn isuscé firpenefrationlsnd pundtuneivesistance, 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 acco‘rding to this invention may be
insect and snake bite proof. Apparel from the present inventive fabric may be
suitable for specific activities and environments caﬂing for protection from
penetration or puncture, including apparel for ndmg épen uncovered vehicles such

20  as motorcycles, industrial safety apparel, underwater diving wear, and penetration
or puncture resistant footwear and head coverings. Other items that require
resistance to penetration are made from 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



10 invention. The fabric may strategically reinforce only high-risk zones.
Thi s fabr WO 9210665t dependent upon specific shapes or di rreﬁgT/gﬂHf?éﬂlt he

pl ates. The fabric is scaleable to neet wi dely varying possi bl e uses. The
choi ce of shdphricateddrogi fabiic o6 this inserdionh dppareb ol fther oesupatianeas welles whi ch
they are manufactured, are dependent upon the application and are

det er mi nabl e Hyr spplitdtives ibthe ApdivaPiidintablields #ill fqeire differihgpenetratién t he
i nventi on, when manufactured of substances and materials of suitable

strength, resi It SEBEdn Essamfd : ' \ ture, and
pi erce resi st aa?%i%@%@rg?ﬁk?sﬂtor bi g azar%ousﬂgﬂ%g'efgg?éen iﬂgi;é'gi/es?llﬁgpmmbl e

and/ or expl osiye | i qui l.ncl udi ng. gasol i ne and qt her trol eum or fuel
products. Suc ha{?‘F’és%? |°gﬁ£ﬁ§f’&%895ﬂ? 5%‘&‘?%&“’&5 gf‘ea@mle? ﬁ’@?%%?‘l%j)aeraf ‘81?8%?) t ypes
of tanks or. simlar _liquid reservoirs. The substances of which the plates
are nanuf adt urfdbiGWl¥@¥.rent |y avail able as off-the-shel f goods or in the
case of resin are readily fornulated by resin manufacturers to neet design
par anet ers requi r efFoofnetlicel glaves] the fizes ansdeshapres of thei guas! pigtps amdthe ons. The
substances can be, for exanple, netal (such as stainless 25 steel or

titanium, netapkrhatplyes and SexlibSandef WHahStheydr fadb, B0VAy CRoRaMgtes (such
52 WO 02/10667 PCT/USO /21541 as carbon fiber or glass conposites), or

gl ass. Any ot : | S |

punct ur e, pi ertts PEURERARGEATN e piRned B aiEM LR diie LRI ek vy 10
achieve the characteristics desired for, the licatian.. her exanpl es of
sui tabl e prodLH?F%SSWE?f?a%@eaﬁoe@m O?CW%QP@%%‘?‘??%?P@W%? Dar ocur (r),
Epon(r), or Ebecryl (rﬂ ot her thernopset resins whether; and m xtures of
such resid willyengemefhgBbrieay stafagieply iginores only hehetisk Z916S.-sui t abl e curi ng
agents. Any substance should preferably not be friable or brittle. Wen the
fabric forns a |i Jhidfabncisostidependent epayspacifie shapes or disedsions of the qui d
environment, the selected substances and nmaterials for the fabric should
be resistant tylated)erfiedaricit 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 biohazardous and

potentially flammmable 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 reservoirs.

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 (such as stainless

25  steel or titaniumy), metal alloys, ceramic, polymers, high strength composites (such
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10 physical action of the contained |liquid. The process of assenbling the
fabric oWQM¥667nventi on uses currently avail abl e produd®@CGIdisoretHnhol ogy
and the novel nethod of printing plates onto a base material, as -descri bed
in this speciascahon Gher ofiglass votbpesites)pbr glags. Fnytdtherpubstasceduaythausedl in thi s
di scl osure may be 15 pl anar; concave, convex, or any conbi nation thereof,
or a speci al lthate&xisid the epilfiedpiincARs piddciiaind (chftingdortes o the cldseh i cul ar
application. The guard and aperture plates used’i.n the inventive fabric
for differingyappkl ' | s G 40 resist the
pi ercing or gll),llt tl n%ﬁ%gfég'@stto\;\ugyetv gié% gﬁagghﬁgﬁ%@gﬁegbﬁg@hg@. The -
plates of diff{erent |ayers .of.the,sane Jjnventive fabric my each be made of
D07ttt or ent ChEame RS oF Suifiit B aliE Aoy F ecRRs fastB R = i ch - when
i nt erconnect ed bet ween éhe | ates of the fabric¢, maiptains a predeterm ned
spatial r el at?BeaPpEpm®,nx Boeeryl®; othgrithsrmoset desmywhether, andynipinres of
prescribed range of notion of the plates relative to one another. To do
so, the conneuch reginsstithrather polymdrsianskortiopallypwith vatiens2fitebls cexing ng materi al -
may be continuous or have certain selected discontinuities, as 53 WO
02/10667 PCT/ag6i./ Ripéibstdnoe shotdd prlefepsily A6t be! fighls of beittlel Wiikhithfabfic Mai nt ai n
. and connecting the array of plates in the fabric. Any discontinuities in
the materi al : I : Whility,
O, ét)g\?nﬁ@ Qﬁc??stﬁ@o@%ﬁ%ﬁ% orlif Gisdd! ﬂaq{qtiﬁcﬁémﬁtfggﬂelﬁ? R

]?elr)ldability, an fstial |_ty|, op_tlonalhly],c stretc y in the
i scont i nui e8Pl gt denfieRRE or e M FhoaBr b osistBLin Bemioler ¢ ey do

not conprom se the requjred penetfration resistance of the fabric either
| ocal Iy dP gﬁiﬁﬂﬁ\gla‘?ﬁ?}?°‘{f£‘¢9?ma‘a§‘i£‘dﬂldarticl e constructed of the fabric.
Such discontinuities nust also be so chosen and |ocated that they do not
del eteriously af f 8he pronsss ef assambling|thy fabric efjthis ipverttiontnses etarentlyor al | ow any
portion of the array to separate.

available production technology and the novel method of printing plates onto a

base material, as deécribed 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 a specially constructed
surface to meet the néeds of a particular application. The guard and aperture
plates used in the invénﬁve fabric for differing applicétions 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 spaﬁal 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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10 The material maybe el astoneric or non-el astoneric. The material is
chosen wi WP O¥WeErd to pronoting the desired three degreeBCHPS§IR#om of
movenent of the fabric of this invention, including flexibility,

bendabi l i ty, dﬁ@g%Wmfﬁnmﬁiﬁq/neﬁﬂbfﬂnmﬁlmmtmimng&o@@%%ﬁnﬁﬁ°§nhance
the desired properties of elasticity and stretchability in the inventive
fabric. A str gflatainltke fubties Aaly dissoutinuitivs anthe bautdriabmmmy bé Shosen menbuaoepl e of a
flexible material suitable for performng this function. However, a

non- st r et chablge pRpeviieabf flgxibility, Baldabiligy, aﬁ&ﬁhahme;pgh%%hb , The

mat eri al may be Tan- made, naturally exi'sting, or s of e two. As with

ot her enbodl t I ri ons are
appropriate g&q{]'ﬁflﬂﬁmc |on%$hest§sﬁ{tlgﬁlnﬁ1%a¢%nmg%e§fab Fﬁg

appl i cation. Such yar.i s ar cho ces .t hat c p| rit and
scope of thi s WE%‘FB‘?\‘”“ g‘é% %%&q’h& Bﬁgrélﬁfégeya Ilustrat ed
various enbodi nents of the penetration resistant fabric of the invention.
Vari ous ar r angeempmemnsise thepequired penefration yesistanneofthe éabmicithber lpeadlyr or However |
these illustrated and descri bed arrangenents are not intended to be the
only arrangenmgsibtally o of thelusafahirticly camstiucted oftti ifshtich Such discdtidaitieyes of t he
present invention, nor are they the only possible 54 WD 02/ 10667

PCT/ US01/ 2154 1y, B30 Q@Bﬁ&seﬁmﬁé&&ﬂt Yy &é‘h& del¥&@ukigffedithe i nvention
is capable of nodification within the scope of the invéntive penetration

LF;L.S%Z”BJ Nt gtlg?«"i"? iR e°f§%e%?ﬁfs‘§fe ¥k pBRieh bRl ara b ‘?vfgnh. Eﬂfudez d
i e 930 & The s s ter kit ot et T bRl pi

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 function.
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 come within the spirit and scope of this invention,
This specification has described and illustrated various embodiments of
the penetration resistant fabric of the invention. Various arrangements of plates
and ayers have been described. However, these iltustrated and described
arrangements are not intended to be the only arrangements for implementing and

. 25  achieving the objectives of the present invention, nor are they the only possible
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1. Afabric conprising connecting material and an array of plates affixed
to the BNRBO6G'ng material, which plates are affixed i nPETHT@P41

rel ationship to each other. 2. A fabric conprising connecting naterial and
a pl ate affiembodimentseneompasged bypthiy ingéntiod. This inbentiondoegpablsiofig connecti ng
material and a plurality of plates affixed to the connecting material,

whi ch pl at es najdericatibh Ahin thecsRVE Uk ihténiive PBRdiafion kékistat fabpichad, 4. A
fabric conprising connecting material and a plurality of plates affixed to

the connecti ﬁ%ré?aieeme% n‘ﬁf&ﬁ%@ﬁc{?hﬁﬂlﬁd% f;ﬁe&éef%e?ﬁls%fi chqn%?%a spaced

rel ati onship ona anoth he connec eria abric

conprising a Jty at.es. af fix .or .

connect i ng tﬁgcbtizl cangn: {[\g’(jég fion jpcipde ég %an% &@%&l’m@ bric of -
any of claims 1 through S further conprising nore than one layer of fabric
in a stack. thepuysiewafitheappendedglams. wherein the layers in the stack are
~affixed each other. 8. The fabric of claim7, wherein the layers in the -
stack are affixed by bonding themtogether at |ocations on the continuous
portions of the layers. 9. The fabric of claim?7, wherein the layers in
the stack are affixed by bonding themtogether at |aocations on the

di sconti nuous portions of the Ilayers. 10. The fabric of claim?7,
conprising nore than two |ayers of fabric wherein the affixing |ocations
bet ween each set of adjacent |ayers is staggered from the affixing

| ocati ons between each successive set of adjacent layers in the 56
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WD 02/-10667 .- PCT/ US01/ 21541 fabric stack so that the affixing |ocations

bet ween suWQQL06E adj acent |ayers are not superinposed. RQI/USHE1$4bric of
claim7, wherein the layers are affixed together at |ocations on

conti nuous and Vhatdoelaimeddéis portions of the layers. 12. The fabric of
claim1l1, wherein the connecting material is selected from material that is

woven, non-woven, pareus, flexi.ble and. that has limt ¢ It

stretchabil i tyﬁ’ 13. %Tﬁgn?ggpp%sn@cogpgﬁ Eﬁ*ﬂ?@@wwqﬁp&twfﬁé%man
abrasive surface. ., theldnmétibg Biatetial WHREH $51h188 s 3$ExABh 8161 : Aarray of
plates affixed to at |east %ne siage of rtﬂhe basgﬁxrrat e??gﬁkd\?\ﬂ%:dﬁg%@at es are
affixed in a spacedto¢ashafhieonship to each other. 15. A fabric conprising
base material and a plurality of plates affixed to a |east one side of the
base material . ,16. ' aprj sing. bas teri a lural j,ty of

pl ates affi xed%t o a?x faﬁ’ﬁéé@%ﬁﬁ%‘%@?@@ﬁé@@@ %@?@E&’F‘%t&ﬁ%"ﬁng he
array of plates aremateiaht ai ned in a spaced relationship to one anot her by

the base material. 17. The fabric of any of clains 14 through 16, further
conprising nore than _one layer of those fabrics in a stack. 18. The fabric

of claim17, wherei A fbidc pomising oonnersing materiahard aplutatistof platenafixedtoner .
19. The fabric of chkal : | he Layvers .k the stac re affixed to
each other by bondli]%g a@ F%%%?f%ﬁ%g“;é’#%ﬁ@x%%}%é“ e?‘é??’ﬁ‘f”ﬁ‘i#i"f“@ﬂ%%f t he

| ayers. 20. The fatréachefherl ai m 17, conprising nore than two | ayers of

fabric wherein the affixing |ocations between a first set of adjacent
| ayers is st aggered! EEéom t he, affi xi ng | ocatjons between successive

adj acent |ayers in T pAmprisingeoppeckipg matarial g aplpralinnef nleesafiisedtonet ween
successi ve adj acent weR¥hetiAg fMaterial, wherein the plates are maintained in a spaced

relationship to one another by the connecting material,

5. A fabric comprising a plurality of plates affixed to a means for flexibly
connecting the plates together in a spaced relationship.

6. The fabric of any of claims 1 through 5 further comprising more than one
layer of fabric in a stack.

7. The fabric of claim 6, wherein the layers in the stack are affixed each

other.

8. The fabric of claim 7, wherein the layers in the stack are affixed by

bonding them together at locations on the continuous portions of the

layers.

9. The fabric of claim 7, wherein the layers in the stack are affixed by
bonding them together at locations on the discontimuous portions of the

layers.

10.  The fabric of claim 7, comprising more than two layers of fabric wherein
the affixing locations between each set of adjacent layers is staggered from
the affixing locations between each successive set of adjacent layers in the

—
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not superinposed. 57 11111111111111 iti111111111 lol CL Ms WO 02/10667
PCTI USOW@a%1g67 21. The fabric-6f claim 18, wherein the RGHEI21541 he st ack
are affixed together by bonding at a |location on at |east one of the plates
affixed to at | eafbriesteck sditHst thé affininglactionmbeweal sucedssiva aftfoentc of any of
clainms 14 through 16, conprising plates nmade of ‘a polyneric substance. 23.
A fabric of clai Hpyers gledobsuperimPosndat es are affixed to the connecting :
materi al by bonding. 24. A fabric of claim1l, wherein the plates are

affixed to tne CW%ngadgﬁ;aﬁyﬁeiﬁnﬁlgﬁg Y ixddNEHERE: R MUfiBHS C

substance in the on the connecting naterial and then
curing the pol yneon econtimbssand discantinuonspartiengdfahelayedsi ch ext ends t hrough -
the connecting material web so that at the location of the plate the

connecting ngferi,al cO an.inteqral part .. of the.plate . A fabric
conprising c nepfl?erégﬂ‘égé‘ﬁ?lg’r LVQ?‘F@PWW%@W% %iﬁtetd??rﬂe
connecting mat erighteriAHatds WBPh, nBANoVER, PERSHs, Réxibleand tik Bas a MAitad Pl ates
are maintained in a spaced relationship to one another by the connecting

material. 26. A fitdstietchebiliyi si ng base material, an array of plates affixed
to the base material, and a nesh reinforcenent of the plates, which plates

mmerial | 27 TnetyCRPRESiahrL ME B B AOBHATe el OO0 1oy

one layer of the fabric in a stack.. 28. A nethod of making the fabric o
clai m 25, copfri sAfgbridwongirising bake material and an array of plates affixed to at least -

one side of the base material, which plates are affixed in a spaced
relationship to each other.

15. A fabric comprising base material and a plurality of plates affixed to a

least one side of the base material.

16. A fabric comprising base material and a plurality of plates affixed to at
least one side of the base material, wherein thg array of plates are

maintained in a spaced relationship to one another by the base material.

17.  The fabric of any of claims 14 through 16, further comprising more than

one layer of those fabrics in a stack.

18.  The fabric of claim 17, wherein the layers in the stack are affixed to each

other.

19.  The fabric of claim 18, wherein the layers in the stack are affixed to each
other by bonding at locations on the base material portions of the layers.

20.  The fabric of ciaim 17, comprising more than two layers of fabric wherein
the affixing locations between a first set of adjacent layers is staggered
from the affixing locations between successive adjacent layers in the fabric
stack so that the affixing locations between successive adjacent layers are

not superimposed.
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a. covering connecting material with nmesh reinforcenent; b. coating the
connect i NWOXW6¢7al - nesh rei nforcenent conbi nation w th BeTYUMEZIM]r esi n;
58 11hi Li l11/111uii/jjjijijjj WD 02/10667 PCT/US01/21541 c. placing a

phot o mask pat2ler néhevabiric:wptaiini@s whereinthe Iayensih ik stak averaffixaf togétheres over

t he connecting materi.al-nes ei nf orcenqent pol yneric resin c I nation;
exposi ng the phot o%ﬁ@&g@gﬁ{ﬂcﬁ%ﬁq%ﬂ qas%qxéﬁf%ﬁ{e)pl?tgs %{%XE‘SH%SQ% t to

cure the polymeri ¢ gRifnd ke &@gRed by the photo

mask; e. washi ng away

t he unexposed, uncured polyneric resin to formthe gaps in the fabric;

f. etching away the exposed nesh reinforcenent in

t he gaps, wherein the

fabric has an 2% r ayA &foric of atsoefaiaims| 14 dkyoughe] G compusisppletes made 089 by
connecting material_. .29.. A ﬂ‘%t hod of making the fabric of clainms 26,

conprising the stef@pperic

o5 Geri ng base material with nesh

d.

and

reinforcenent; b. coating the base material -nesh reinforcenent conbi nation

W th pol ymeri @3 esif fbgic oftRih MOwBerBiAAhOpIaRS kreRB(IAH €t cdnhébtigpeni ngs in
the form of an array of%I ates over the base material -nmesh reinforcenent-
0y

pol ymeric resin coripiteral

ponding.exposi ng the photo masked combi nation of

step (c) toultra violet light to cure the polyneric resin not covered by

to

material by forming an uncured polymeric substance in the form of a plate

on the connecting material and then curing the polymeric substance to

form the plate, which extends through the connecting material web so that

at the location of the plate the connecting material becomes an integral part

of the plate.

25. A fabric comprising connecting material, an array of plates affixed to the

connecting material, and a mesh reinforcement of the plates, which plates

are maintained in a spaced relationship to one another by the connecting

material.

26. A fabric comprising base material, an array of plates affixed to the base

material, and a mesh reinforcement of the plates, which plates are

maintained in a spaced relationship to one another by the base material.

27.  The fabric of claim 25 or 26, further comprising more than one layer of the

fabric in a stack..

28. A method of making the fabric of claim 25, comprising the steps of:

a. covering connecting material with mesh reinforcement;
b. coating the connecting material-mesh reinforcement
combination with polymeric resin;
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formthe gaps in the fabric, wherein the fabric has an array of .reinforced
pl at es h®iQe2rm6é& spaced array by base material and nesh RCIVGS0ORISNENnt. 30.
The fabric of claim27, wherein the nesh reinforcenent is nmetal. 59 '111111
1111111 112111111112221%11 i placini flibtd GGSTpsETiiedSOith Siendrigs it the farhabri ¢

l'iprising base material .affi.xed.t0 a connecting. materi.al i ch connecting
material has an array Of Sh@ERY PEPIAtes ¥R ?)?‘H’P@%’%WF% ‘F‘Ssvl\‘{] connecti ng

material so that the plréﬁ,ﬁﬁceqﬁ r?%{ﬁcl}@gnbdhﬁnmed rel atlonshl p to one
anot her. 32. The fabric of clal or 31, conprising plates nade of a
pol ynmeric substance. 33. A fabric conprising connecting material and an
array of netal plates (hfflmgomngthh@hcbrmkedwgnbmam‘zﬂstep/@)m pI ates are
mai ntai ned in a spaced eIa sh ne anat.her C nn |ng
material . 34. A nethod YFeH Sﬂ %P&PW%’?M ﬁ t he
steps of: a. coating ggdaRecting materl aI W|th a bonding agent; b. covering
t he bondi ng agent coated connect i ng material with a netal sheet C.
coating the conbination of ste b) with a photo resist film patterned
wi th openings in the pieto r%ﬁ@eawayﬁhqwesp@eémw@ngbp@enmm&n an
array of plates; d. ex e t filmconbination of step(c)
to a netal etching mﬁgﬁgg%agg@g%%vr\gy e metal sheet not covered by
t he photo resist film and

f etching away the exposed mesh reinforcement in the gaps,

wherein the fabric has an array of reinforced plates held in a spaced

array by connecting material.

29. A method of making the fabric of claims 26, comprising the steps of:

a. covering base material with mesh reinforcement;

b. coating the base material-mesh reinforcement combination
with polymeric resin;

c. placiné a photo mask patterned with openings in the form

.of an array of plates over the base material-mesh reinforcement-

polymeric resin combination;

d exposing the photo masked combination of step (c) to ultra
violet light to cure the polymeric resin not covered by the photo

mask; and

e.  washing away the unexposed, uncured polymeric resin to
form the gaps in the fabric, wherein the fabric has an array of
reinforced plates held in a spaced array by base material and mesh

reinforcement.

30. The fabric of claim 27, wherein the mesh reinforcement is metal.

\
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C. renmoving the photo resist film wherein the fabric has an array of
met al pl aMx0YW66€Y i n a spaced array by connecting materi aPCT/USH21%1net hod
of making the fabric of claim 33, conprising the steps of: a. applying
bondi ng nat er i3l tQ&ﬁbmce%pngnghh&rmﬁtbnﬂhfﬂmdﬁ?ﬁcmammmﬂalpwmchs will

be | ocated on the connec, rial; coyer e, bondi nq . agent coated
connecting materi al °W1‘T: g?aﬁg{a; gﬁ‘ef “g%fFQPlaﬁsaMﬂ |~ ~ C ~

m S WO 02/ 10667 PC:'ch,},,ﬁ.ftgz,;lhﬁ1 Lodekial thﬁﬂﬁ& d3h h@paced step (b) with
a photo resist film pattérnedaw%h ope |ngs |n tﬁgdphoto resist filmin
the formof gaps [|relatiemshipetio cmeiangtherf pl ates; d. exposing the photo resi st

filmconbination of step (c) to a netal etchl ng material to etch away the

nmetal sheet n co sist fil and t he
phot o resi st f#% vﬁ?ﬁgd@?%f( 25*#6001’@25"%“3% ?e%?lag%?’éar % held in
a spaced. array by cRpasedel Ng material. 36. The fabric of clainms 1, 14, 27
or 33, wherein.the thickness of the plate is not greater than size of the

gap between the plates. 37. The fabric of claim 36, wherein the plate
material thi ckdPess A fibris comprising gennegingmaterialsnd aggrrapof mbtel Plateonpr i si ng:

a. a base materi al f C er| baonde firs
surface of the baégﬁﬁ%ﬁgﬁ¢dﬁ&3§§E§%§g agaﬁﬁéﬂﬂaé?Fﬁ@nﬂE@EFag}aﬂ%ﬁ d on a
second surface of rehagoldErioaE afidtidr bydBciomabetingandtésifil and second
connecti ng

34. A method of making the fabric of claim 33 comprising the steps of:

a. coating connecting material with a bonding agent;
b. covering the bonding agent coated connecting material with
a metal sheet;

c. coating the combination of step (b) with a photo resist film
patterned with openings in the photo resist film in the form of gaps
between an array of plates;

4 exposing the photo resist film combination of step(c)toa
metal etching material to etch away the metal sheet not covered by
the photo resist film; and

e. removing the photo resist film, wherein the fabric has an
array of metal plates held in a spaced array by connecting material.

35. A method of making the fabric of claim 33, comprising the steps of:

a. applying bonding material {o conmecting material at those

areas where plates will be located on the connecting material;

b. covering the bonding agent coated connecting material with
a metal sheet;

I
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material having an array of metal plates affixed to the first and second
connect iwg@oymiser i al so that the first and second connectRGHUSHEAM| al

mai ntain the plates in pre-spaced relationship to one another; and c. each
of the first and secong congssihg g coaibiratioh ofistep (o) witlsa pboto zgsist filmet al

pl ates oriented to each other to mpimze regjstration of inter-plate
apertures between the patiomed withhopesings i} ng P§1§q$¥5¥méﬁe£?rmi°&§?€s
connecting material an IQH A2 ial plates affixed to the first
connecting material, vﬁ?c p{ng@elaﬁg e rf%i nt ai ned
Lrrrrrreeerrrrrrreeverrrrrirr 61 C L MSsS WO 02110667 PCT/USO /21541 in. a
spaced rel ationship todone expmsihgrthephobieesist filn cowhinetion ofstepf@d @3 al ; b. a
e

d ' i al d f | .pl ' h
Second connect i ng mat cRiealofshearata) e i Rl ier Bl VHERLEE o

relationship to one ang{hfotdisitt @S 8a®Nd connecting material; and c. the:
second connecting materi affixed to the first connecting material in an
orientation to each other :to mnimze registration of inter-plate
apertures between the pl at etemaning the photoiresist g whereip thefabricthagan ay of

nmetal plates bonded to _a segond, ar f. ' . | ayer
of nmetal plates is hel an%ofimgfﬁgﬁlg%gﬁ?lfl%agﬁ%,c%{lﬁ%bgﬁﬁe?&%gyg 8§ﬁ§rrlgt al
plates; the first array of netal plates oriented to the second array of

nmetal plates3go NTRE FEWER Jfelinat 1 214, 0T op83,iwlieetin phethicknessef therpdate fimt ween t he
pl at es

not greater than size of the gap between the plates.

37.  The fabric of claim 36, wherein the plate material thickness is in the range -
of 2-5 mils.

38. A fabric comprising:
a. - abase material;

b. a first connécting material bonded on a first surface of the
base material and a second connecting material bonded on a second
surface of the base maferial, each of the first and second connecting
material having an array of metal plates affixed to the first and
second connecting material so that the first and second connecting
material maintain the plates in pre-spaced relationship to one

another; and

c. each of the first and second connecting material having its
array of metal plates oriented to each other to minimize registration

of inter-plate apertures between the plates.
39. A fabric comprising:

a. a first connecting material and an array of metal plates

affixed to the first connecting material, which plates are maintained
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41. A nethod of meking a fabric, conprising the steps of: a. applying
bondi ng mY@P¥H66 0 a first metal sheet; b. covering the BERYSHZIRE: eri al
wth a second netal sheet; C, coating the first netal sheet of the
combi nation of step (b) imgisphced rélatianshiptio pne modlies by thd firsteonnestivgd wi t h
openings in the first phﬁto resist filmin the formof gaps between an
array of plates; d. coat® tﬁn?lhe second netal sheet of the conbination of
step (b) with a second photo resist filmpatterned with openings in the

second photo resist filmin tdwcémd donféctiapBratdil Wabah Afhyafheyal platespl at es,
t he second photo resist filmoriented to the first_ photo resist filmto

mini i ze registration ofaffisediothy seendgoanediing snapeiaheodrch plates preat es; © ~ | -~
== | ~1lr~r 11 ~ T Ql1/ [
[he firr;{ and se(r:o;ld pho?l(%ﬁi%%eiﬁg?X&#ﬁé%@%@?‘%@ﬁé)&rﬁ%P&§?&mfgfcoﬁgpgsk2?al

etching material to et civndvdingoiferiiBladli sheet not covered by the photo
resist film and f, renoving the photo resist film wherein the fabric has

a first and second |ayer of petal plates, each_ layer of netal plates held
in a spaced array by th®e ot HB§sqc ?On@ﬁcq%t%tefﬁléi{@é‘@t%@e Sthet hod of
maki ng a fabric, conprisj . Of | 1.ng . ts to a
first nmetal sheet; b. coé/ogrg?ér%gfﬁta& IPg%no@%ﬁﬂ@k&é%a?ﬂg@%g&ergﬂz%%gto a
second netal sheet; c. mgitratig ofisterfplaistapertired bedwemitheplatsep (b) with a
first photo resist filmpatterned with openings in the first photo resi st
filmin

40. A fabric comprising a first array of metal plates bonded to a second array
of metal plates so that each layer of metal plates is held in a spaced array
by the other layer of metal plates, the first array of metal plates oriented to
the second array of metal plates to minimize registration of inter-plate
apertures between the plates

41, A method of making a fabric, comprising the steps of:
a. applying bonding material to a first metal sheet;
b. covering the bonding material with a second metal sheet;

c. coating the first metal sheet of the combination of step (b)
with a first photo resist film patterned with openings in the first
photo resist film in the form of gaps between an array of plates;

d coating the second metal sheet of the combination of step
(b) with a second photo resist film patterned with openings in the
second photo resist film in the form of gaps between an array of
plates, the second photo resist film oriented to the first photo resist
film to minimize registration of inter-plate apertures between the
plates;

I
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the formof gaps between an array of plates; d. coating the second netal
sheet ofWét03{ioge) with a second photo resist film pattePGEVISM/254l0peni ngs
in the second photo resist filmin the formof gaps between an array of
pl ates, the second pheto resposingfthd firsoandsticent pleotd resist fikd tompbintation esi st
filmto mnimze regi s%rati@gn of inter:npl ate,apﬁer.tgres bet ween .t he pl at es;

e. exposing the first SRFBREDENA etehinganateriglitp gichpway dhe mgtal sheet 5 et al -
etching material to et ﬁ&&%ﬂ%??he{%&o%re%ﬂ?ﬁhn; it covered by the photo
phot

resist film and f. renoving thé o resist film wherein the fabric has
a first and second layer of nmetal plates, each layer of netal plates held
in a spaced array by fhe otdmovikgithephoto resist£ilmpwherein the datiricchabadidstng

spots of step (a) |ocated so at the hondin ot s connect .the t al |
plates in the first | afefSeGPn 9’10%%’{?]&&?%%@@%@]“3 Hiaé?s;hel Pates in

the second | ayer of mh%ba&&ﬁ&@fb%%%%ﬂe}%éﬁﬂa@aigﬁ%s. L 111'111111'111 WO
Afabri '

02/ 10667 PCT/ US01/ 21541 " 43. ric conprising connecting material, an

array of netal plates affixed to the connecting material, and a nesh
rei nf or cement#2of Ahaethed of mgking afabrigyompriging thestepsofimai nt ai ned in a spaced
rel ationship to one another by the connecting material. 44. A fabric

conprising: a. a base terialy. ' Jial bonded on a
surface of the base nag’?eri gﬁhy?ggg%@ﬁ%g%?q?%;ﬁnﬁg}gﬁg@%%w ng an array of

metal plates affixed to the connecting material- so that the connecting
mat eri al b. covering the first metal sheet of step (a) to a second metal :

sheet; -

c. coating the first metal sheet of step (b) with a first photo
resist film patterned with openings in the first photo resist film in

the form of gaps between an array of plates;

d. coating the second metal sheet of step (b) with a second
photo resist film patterned with openings in the second photo resist
film in the form of gaps between an array of plates, the second
photo resist film oriented to the first photo resist film to minimize
registration of inter-plate apertures between the plates;

e. exposing the first and second photo resist film of step (d) to
a metal etching material to etch away _the metal sheet not covered
by the photo resist film; and

f removing the photo resist film, wherein the fabric has a first
and second layer of metal plates, each layer of metal plates held in
a spaced array by the other layer of metal plates and the bonding
spots of step (a) located so that the bonding spots connect the metal
plates in the first layer of metal plates to the adjacent metal plates

in the second layer of metal plates.
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mai nt.ains the plates in pre-spaced relationship to one another. 45. A
fabric coM$te24068] a base material having an array of net afCHPEIBL451 xed
to the base material so that the plates are maintained in pre-spaced

rel ationship t4- one fbsicseiiprisiag counpetiiy materialcangreay pf mgtal ayers

are affixed by bonqj | g |

di sconnected |i nesqém' cgﬁé%gﬁggﬁ%a{’%g%ﬁ%’@@éﬁ”%@%@é@@ﬁ@ﬁ?ﬁﬂ ar to
each other. 47. A fwitich plaes Aiethsintathed &) a spabebrlatioheiip &) one(ahdther Byptheect i ng
material supported on a first, surface of the base material; and (c) a

|l ayer of plates esoamcHBgEWREOoUgh t he connecting material and affixed to
the base material, so that the connecting material maintains the plates in
a pre- spaced gl ati enshicBmbRsigach other. 48. A fabric according to claim
41, wherein a first connecttng terial is supported on the first surface
of the base material and a second connecting material is supported on a
second surface of the base nmtbasd mhterial; aral pl ate array is established
through the first connecting naterial and affixed to the first surface of

the base material and a, plate arr I s, est.abl.ished throu he second
connecting material an 'affi%?@ﬂiet"gxgﬂ’éte?@}clﬁﬂ?&eiﬁqFﬁ’t‘%‘SP?BWLe”aB%\se

material; 64 11111 111 kdabhded Yd dobhddiinklhaterial Batin aﬁa%%&gﬁ@&w
PCT/ US01/ 21541 b. so that the plates in each of The pllate arrays are

mai ntai ned in a pre-spafixediefhgiconmsshing materighso thaittheeqnnaetingomateria fir st
and second |l ayers of plate arrgys.are qriente . _each other.to mnimze
regi stration of inter pInéat“%wgﬁg&tﬂﬁ%@%%é?‘%ﬁ&%@%{%eoﬁrapg%r'i n the
first and second | ayers.

45. A fabric comprising a base material having an array of metal plates affixed

to the base material so that the plates are maintained in pre-spaced
relationship to one another.

46. A fabric of claim 7, wherein the layers are affixed by bonding using an
array of shapes in the form of disconnected lines with neighboring
disconnected lines perpendicular to each other.

47, A fabric comprising (a) a base material; (b) a connecting material
supported on a first surface of the base material; and (c) a layer of plates
established through the conmecting material and affixed to the base
material, so that the connecting material maintains the plates in a pre-
spaced relationship to each other.

48, A fabric according to claim 41, wherein a first connecting material is
supported on the first surface of the base material and a second connecting

material is supported on a second surface of the base material;

2 a plate array is established through the first connecting
material and affixed to the first surface of the base material and a
plate array is established through the second connecting material
and affixed to the second surface of the base material;

I
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49. A fabric according to claim48, wherein the plate arrays on both the
first aw@ ®H8@dd surfaces of the base material are sel e®CEXSOVAFH1 dent i cal
and different. 50. A fabric according to claim48, wherein an array of
aperture plates are abfi xedo that theglitesin aash ef the platearvaysrare meinkessd nat eri al

and at |east one of the first o cond | ayers_of plate arrays in a
pre-spaced rel ati onshi P%Bﬁ@&&#f&fﬁ%@?@hﬁ%ﬂﬁé@@% spaced to overlap the
inter-plate apertures of the first and second |ayers of plate arrays. 51.

A fabric according to gl ai mySirstif Rbéhd IBFerPbYIaE drfdyé AR drishfeli tand second
plate arrays are guard plates and at |east” one of the guard plate array

| ayers has aperture pleasheatherrtp inyipimizeregistration ofinter-plate aprrtines hstwiesn array °
| ayer surface facing away fromthe, bas teri whi ch aperture plates.
are nmaintained in a pﬁqéﬁtg(gg&wl@e@?ﬁ)bsﬁgﬂ?%ec%ﬂgggrﬁ. ot her and sized and
spaced to overlap the inter plate apertures of the first and second layers

of the guar dopl atsefabfic aycordisg ts clal 48, Aviiendin it plste afrdys\en bethehefinat 47, |
wherein: a. a first _surface of a first base material 1|s qQpposite a second

surface of the fi 8¢ seeqnd swrfaces phthe basr epterdlaemiplected fom identicaland; r st base
material is coverggﬁfé}gnta first layer of plates; b. a first surface of a
second base material I's opposite a second surface of the second base
material, which second surface of the second base material is covered by a
second | ayer 50f plAafabsir accotdihg td dlaihi 48, dheBizh 4f dfrdy of apbrtvireSplates ¥® 02/ 10667

PC_T/ US01/21541 affixed to the base material between the base material and at least one of
the first or second layers of plate arrays in a pre-spaced relationship to
each other and sized and spaced to overlap the inter-plate apertures of the - -
first and second layers of plate arrays.

51. A fabric acdording to claim 48, wherein the plates in the first and second
plate arrays are guard plates and at least one of the guard plate array layers
has aperture plates affixed to the at least one guard plate atray layer
surface facing away from the base material, which aperture plates are
maintained in a pre-spaced relationship to each other and sized and spaced
to overlap the inter-plate apertures of the first and second layers of the
guard plate array layers.

52. A fabric according to claim 47, wherein:

a. a first surface of a first base material is opposite a second
surface of the first base material, which second surface of the first
base material is covered by a first layer of plates;

b. a first surface of a second base material is opposite a second
surface of the second base material, which second surface of the

second base material is covered by a second layer of plates;
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C.. :;.: the first surfaces of the first ad-second base material each

af fi xed t oWAP24P¢63y of aperture plates sized and spaced t oPGH/E$U1EES41t he
inter plate apertures of the first and second | ayers of plates, so that
the first and second base. friat érei firstssudfaees of therforst 46§ spdoat] dage matetialenetd from

guard plates, aperture plateg.,and conlj nation thereof; and d. the first
and second base materi al 9%[8?3(5‘?1?‘%%3’23}]@35‘%}#8?% S{ZS‘EAH‘;FH"‘H?‘?@ PEHMt rati on
of the inter-plate apert ﬂfﬁteﬂﬁla%&@oﬂh&%&st aﬁ@éeo%ﬁ&%???ﬁa&é &

plates. 53. A fabric according to claim47, wherein the eting nateri al
between the plates rel i tatthedoondisenynd baseguaaterialnarewaveredibpaplatsbat es by

di ssi pating debonding s S hr o ut th l.ate array,. 54. A fabric
according to any of clai %&jﬁﬁ#ﬁﬁﬁées’%ﬁ%?ﬂgﬁeﬁ@i?ﬁwm sel ected
from penetration resi st amfersdfichnd heat curable epoxy. 55. A fabric according
to any of clainms 47 through 57, wherein the plates in each |layer are
oriented to each other sqg that apertures do not -forma straight line
across the fabric. 56. Adfabr the fystend seaegd bescamaterials etienterstosach othetgh 53,
wherein the connecting pat.eri 4 polvester. ehiffon .57, A.fabric
according to any of clains 4/*1 eglgta%t:o@}%vﬁ{eefg}ae Deg&gtwe@gfhg?ugﬁ s a
non woven pol yuret hane aas segbmilapstsbhpthtes. | eather. 58. A fabric according
to any of the clainms 47 through 53, wherein layers, plates, or base

material are affixe .bondipg. 59.. A fabric conprising: a. three |ayers,
wher ei n each Iééer gsg‘émbi‘%gﬂ%@ TaPhetsinghe comnefingmateddbsreenng

material, so that tjg fR0RREL ' 1 % e e en
T 1111111111111 i _ fib+el AcHEHaR! strossBOorl thbtdvidubd fhded by dissipating
debonding stresses throughout the plate array.

-

54. A fabric according to any of claims 47 through 53, wherein the plates are

" selected from penetration resistant and a heat curable epoxy.

55. A fabric according to any of claims 47 through 57, wherein the plates in
each layer are oriented to each other so that apertures do not-form a
straight line across the fabric.

56. A fabric according to any of claims 47 through 53, wherein the connecting
material is a polyester chiffon.

57. A fabric according to any of claims 47 through 53, wherein the base
material is a non-woven polyurethane and nylon synthetic leather.

58. A fabric accofding to any of the claims 47 through 53, wherein layers,
plates, or base material are affixed by bonding.

59. A fabric comprising:

a. three layers, wherein each layer is 2 plate array established

through a connecting material, so that the connecting material

) O



C WO 02/10667 PCTIUSO1/21541 maintains the plates of the array in a

pr e- spad®@o02/glé6 i onship to each other; b. the |ayers orPErUs/2as1each
other to minimze registration of the inter-plate apertures between the
three |ayers of plate maintgiss thepiutesaf tidurrayin apee-spapededlationship tof adj acent
| ayers are affixed to egr%tgho}her. 60. A fabric according to claimb59,
wherein the adjacent |%8f €re affixed by bonding each |layer to the other
at bondi ng spots patterned between the plates and no spots of one |ayer
are superinposed upon gpot smﬁ%&%ﬂ&&m&@x&%m&%ﬁﬁ%gy@isﬁa bS1Ng: a.
a base material; and b. a‘layer supported on a first surtace of the base
material, the |ayer htheiintgr-plafecaperinnes bétweemthertres dayarsbigilate amsyspuous
portions wth the discontinuous portions bonded through the continuous
portions and into the % st surface of the base material, so that the

continuous portion maintains the discontinuous portions in a pre- spaced

relationship to each ogher.tHeZonectindiaterialb@Tatjabehtllsyeed Ak afifickd td ur t her
conprising a layer of continuous and discontinuous portions supported on a

second surface of the eash®theiaterial with the | ayers oriented to each ot her
to mnimze registration of the discontinuous portions in each of the

| ayers. 63. fabgi §o'F to-Cla g%l L. ' and
di scont i nuouéo' po)}tf?%.gcg&g[ﬁfbt%‘%gtﬁ c%%ls%e@lhg?erl aqﬁggaﬁ#%]%y;&és?ag@éfeﬁ}ggpgd from
i dentical and bonding each layer to the other at bonding spots patterned between the :

plates and no spots of one layer are superimposed upon spots of another

layer.
61. A fabric comprising:
a. - abase material; and

b. a layer supported on a first surface of the base material, the
layer having a pattern of continuous and discontinuous portions
with the discontinuous portions bonded through the continuous
portions and into the first surface of the base material, so that the
continuous portion maintains the discénﬁnuous portions in a pre-

spaced relationship to each other.

62. A fabric according to claim 61, furthgr comprising a layer of continuous
and discontinuous portions supported on a second surface of the base
material with the layers oriented to each other to minimize registration of

the discontinuous portions in each of the layers.

63. A fabric according to claim 62, wherein the continuous and discontinuous
portions on both base material surfaces are selected from identical and
different.
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different. 67 WO 02/ 10667 PCT/US01/ 21541 64. A fabric according to claim
62, wher ei WRO%18668r of di scontinuous portions is inpressedPCHUSHAMIbase
material in a pre-spaced relationship, sized, and spaced to. overlap the
cont i nuous por t4ons Afabricactading toélaioo6d, wheteis 2 taydr ofliscontimius poiopor t i ons,

so that the base material is.covered by .di.scontinuoys.portions of the
overl apped | ayers. é%mlﬂefsﬁ‘i}nr%%g‘gééﬁﬁla%ﬁ‘@ﬂ%aQfe&?ﬂ?‘P%g{elas%ﬁ.@’h"é?’ﬁlzﬁg’ aahf i rst
layer of continuous sagddb eab it aEmRs bbfidts bBthe BHRF bBdAhtihdul afd Second
| ayer of continuous and di scontinuous portions, so that the first and

second | ayers are r digcontinusys pertions; ko that the baseanatenidlis cavereddys of conti nuous

portions and so that,.t he.base terdal i1 s covered by registered

di sconti nuous porti (Sihsscogt?nqo%poﬂﬁg%qf ,G%Yeﬁmdam%i n the conti nuous
portion of the second |ayer is- bonded to the discontinuous portion of the
first layer. 65, A f@ﬁbﬁ@aa&ﬁaﬁglimaMg;mmﬁl, wherein: a. a first and a
second base material oriented wth a second surface of the first base

mat eri al opposite the second surface of the second base material; b. the
first and second base matleri alRdirglaysheteontipuensand disrentinugus partionsiis e

regi stration of the conti .t 1§’2i: he. 1 h | sconti nuous
portions in the | ayers ORQ#%&?@&S%%&?{ cegpo "utnfg&s%lﬁra% FORNG ¥econd base
material; and c. the secporionsyrsbalest theffirktund sedohtl IasrarePdgistérad toaaplpsi te t he

second surface of the secqond base paterial bqonded to, each_ other b};
other to mmimize areas of continuous portions and so that the base

material is covered by registered discontinuous portions of the

layers;

b. and wherein the continuous portion of the second layer is
bonded to the discontinuous portion of the first layer.

66. A fabric according to claim 61, wherein:

a. a first and a second base material oriented with a second
surface of the first base material opposite the second surface of the
second base material;

b. the first and second base materials oriented to each other to
minimize registration of the continuous portions which lie between
the discontinuous portions in the layers on the first surfaces of the

first and second base material; and

c. the second surface of the first base material opposite the
second surface of the second base material bonded to each other by
an array of discontinuous portions sized and spaced to overlap the
continuous portions of the layers on the first surfaces of the first
and second base materials.

68



an array of discontinuous portions sized and spaced to overlap the

cont i nud¥@ 0349667 ons of the | ayers on the first surfaces RET/USE/20%41st and
second base materials. 68 WO 02/10667 PCT/US01/21541 67. A fabric

accor di ng t dd7any Affabricadccsrdig to lany ofjélaiies 6 htheough66; Whereimrthe cerdingopsr t i on
bet ween the di scontj.nupus portions trelieves, debandi ng styesses on

ndi vi dual _di scorRarHiePEEER e GHeoRygR BeriR sl HEhRAdieE Srree e
throughout the | apafvidfa8distortinbbispoRtidne by ditigating A¥bddfigtressedl M5 61

t hrough 66, wherein the discontinuous:p0Ortions are seléected from

penetration resi stheoughawidhelaierat curabl e epoxy. 69. A fabric according to
any of clains 61 through 66, wherein the discontinuous portions in each

| ayer are orjigente 0.each ot her sq that . contjnu posti.0 do not forma
straight |i néese'acr‘gsfgt’rfqn%%_$Ilr 'rlg.m)?g‘."e &taql%ms%g tglgggﬁgpﬁghqrgngl% of clains 61
through 66, wher edifcdnfiffudiidportitng dfe seRefellifNNS paictratioPRisisRint Ad £hdat f on. 71. - A
fabric according to any of clains 61 through 66, wherein the base material
i S a non-woven p(ﬂwléPP@Ye' and nylon synthetic |leather. 72. A fabric
conprising: a. three |layers; b. wherein each |layer has a pattern of

cont i nuous dj ' | . ' i.puous portion _
mai nt ai ns ”a%g? diécon |%§%@gﬁg§%#gﬁ§§]fnnss@ %@?‘S‘t&gg‘e”g&?{éﬁtg?i onship to each

ot her, the | ayerdisamntiandusdoitions actachidier afeorivatedite eichgithérisathan of  the
di sconti nuous portiagns of the three_|layers,to_each other so that the

fabric is essent i caufipuoys poriions do nopfosmastigieht line acrpssthe fdrisor t i ons: -

70. A fabric according to any of claims 61 throug_h 66, wherein the continnous
portions are a polyester chiffon.

71. A fabric according to any of claims 61 through 66, wherein the base

material is a non-woven polyurethane and nylon synthetic leather.
72. A fabric comprising:
a.  threelayers;

b.  wherein each layer has a pattern of continuous and
discontinuous portions, so that the continuous portion maintains the
discd_ntinuous portibns in a pre-spaced relationship to each other,
the layers oriented to each other to assure registration of the
discontinnous portions of the three layérs to each other so that the

fabric is essentially completely covered by discontinuous portions;

and
c. . wherein the continuous portions of adjacent layers are
bonded to each other.

* c L M § *
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and c. wherein the continuous portions of adjacent |ayers are bonded to
each ot heWOP2/10667 | | i 111111 1Gi 1111 11 1111 L s 69 WOPOFSHEH1
PCT/ US01/ 21541 73. A fabric according to claim72, wherein the adjacent

| ayers are bontked tA fdukiecodriing t@tlaine A2l witpreip tesadjratatdayeasiare honded to

conti nuous portions d.no  .spots of out |ayer supgrinpose. spots of anot her
| ayer. 74. A fabriceagﬂeg‘reﬂ?tr?ﬁ g Spofs PR ,e%\mg’re@"’rmm?g‘gaﬂﬂ%%’gmdsﬁmayers are
bonded to each ot ts4F 0RO B S SBh S5 RAGk: LAAvRRS Wvat.e wWith the

di sconti nuous por[g?)gns. 75@A fgbri C a?gordi ng to g%y one of clains 72

t hrough 74, wherein the discontinuous portions are selected from
penetration re#tst ahtfabrivchcaorfiimgtto cleime 7B whasein the adpgentAasteaare bordadde di ng t o
any of clains 72 thrao 74, Wherein the discontin S portj.ons in each
array are oriented ?a8h'§§1§ﬁat&on@pg§%oq§ﬂ%t{-cormﬁq%%wﬁﬁgber FOHE % not form a
straight line acrosgsoribig. fabric. 77. A fabric according to claim?72,
wherein the |ayers ‘are selected from identical and different. 78. A fabric

according to any of clains 72 through 74, wherein the continuous portions
are a pol yest ef?-chi Aifehic apoordingtey iy eneafelpims A3 threnghid, whergindhes 72 t hr ough

Synthoti ¢ 1 eat her. Sgonuass Prsiot fe BOReP G ARG, RR BT, BT, |

base material conpeursilegpoxy.

76. A fabric according to any of claims 72 through 74, wherein the
discontinuous portions in each array are oriented to each other so that

continuous portions do not form a straight line across the fabric.

77. A fabric according to claim 72, wherein the layers are selected from
identical and different.

78. A fabric according to any of claims 72 through 74, wherein the continuous

portions are a polyester chiffon.

79. A fabric according to any of claims 72 through 74, wherein the base
material is a non-woven polyurethane and nylon synthetic leather.

80. A method of printing polymer resin plates onto a base material

comprising:
a. layering a connecting material onto the base material;
b. positioning a template atop the connecting material;

c. printing polymer resin plates through the connecting

material into the base material;
d removing the template; and

e. curing the polymer resin.

I

AR



a. layering a connecting material onto the base material; b. positioning a
t enpl at av@ommweé’he connecting material; c. printing pol Ve UYZIM1p| at es

t hrough the connecting material into the base material; d. renoving the
templ ate; angl, e, Aensthdiacthrdingab\clatn 80cwherein the palymehesin/i9al@atl 0667

PCT/ USO01/ 21541 81. A nethod according to claim80, wherein the pol yner
resin is a heat Wﬂ%ﬂ@xé!poxy. 82. A nethod according to claim80, wherein
the connecting material is a polyester chiffon. 83. A nethod according to

claim 80, whgyeiny %F@?W Miml ). VhERh e ¥ Wdatepiaiigae and nyl on
synthetic | eather. Illl%etbllllsﬁ)llllllllﬁﬂleldlﬂlﬁgl *CL 71

polyester chiffon.

83. A method according to claim 80, wherein the base material is a non-woven .

polyurethane and nylon synthetic leather.

I —————
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