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[0004] Many forms of protective garments have utilized fabrics made from
woven or non-woven forms of fibers and yarns. Some commonly used fibers
include cellulose (cotton), polyester, nylon, aramid (Kevlar), acrylic and Ultra-High
Molecular Weight Polyethylene (Spectra). Nevertheless, it is often difficult to
achieve all the desired performance characteristics in a protective material for a
specific application when only fibers are used to form the protective material. For
example, an aramid fabric has high tensile strength and is ballistic resistant, but the
fabric is nevertheless weak against abrasion, degrades upon exposure to sunlight,
and offers little puncture resistance against sharp, needle-like objects. As another
example, fabrics made of nylon are strong and have good abrasion resistance, but the

nylon fabric has low cut resistance against sharp edges and poor thermal and
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gap spaces in-between the guard plates. Because these guard plates are hard and
cut/puncture/abrasion resistant, fabric with a substantially looser weave can be
utilized as a substrate, thus significantly increasing air permeability. Furthermore, in
many cases only one or a few layers of SuperFabric® are necessary to achieve the
desired protective level, rather than many layers of the other fabrics, due to the
hardness or toughness and mechanical strength of these guard plates, thereby giving

SuperFabric® an advantage in air breathability and user comfort.
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[0009] The invention is a supple, globally flexible, composite protective

material having guard plates on a substrate with a clearly visible pattern. The
substrate is flexible and has a surface with a colored pattern including two or
more colors. The guard plates are small, non-overlapping, printed resin material
members having major and minor dimensions and are arranged in a
predetermined pattern over a substantial portion of the surface of the substrate.

In one embodiment of the invention the guard plates are transparent or
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appl i cati ons. SUMVARY [ 0009] The invention is a
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woreosnodxB havi ng guard plates on a substrate WETIUS2008/054898

clearly visible pattern. The substrate is flexible and

has a surface with a colored pattern including two or
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[0014] FIG. 5 shows a top plan view of a protective material having a

flexible substrate and spaced-apart circular plates according to another embodiment
of the present invention.
[0015] FIG. 6 shows a top plan view of a protective material having a
flexible substrate and spaced-apart circular plates according to yet another
embodiment of the present invention.
[0016] FIG. 7 shows a top plan view of a protective material having a
flexible camouflage colored substrate and spaced-apart transparent circular plates
according to yet another embodiment of the present invention.
[0017] FIG. 8 shows a top plan view of a protective material having a
flexible camouflage colored substrate and spaced-apart circular plates with color
chosen to blend in with the colored substrate according to yet another embodiment
of the present invention.
[0018] FIG. 9 shows a top plan view of a protective material having a

flexible camouflage colored substrate and circular plates with color chosen to blend
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[0015] FIG 6 shows a top plan view of a protective

material having a flexible substrate and spaced- apart
w@R0sbx8Y pl at es according to yet another enmboRCTERL008/654898
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enbodi ment of the present invention. The guard pl ates
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other shapes, e.g., circular, square, or any other polygon, and can be arranged in a
random or irregular space-filling arrangement. In one embodiment, the guard plates
2 are arranged in a mathematical Penrose tile arrangement. The guard plates 2 have
a gap width 5 between adjacent plates 2. In other embodiments, the assembly of
guard plates 2 includes a variety of different shapes (as shown in FIGS. 3-4). In the
embodiment illustrated in FIG. 1B, the vertical profile of the guard plates 2 has the
form of a dome. In the embodiment illustrated in FIG. 1C, the vertical profile of the
guard plates 2 is generally flat.
[0023] FIGS. 2-9 illustrate alternative embodiments of the protective
material 1. FIG. 2 shows a top plan view of a protective material 1 having a flexible
substrate 3 and spaced-apart hexagonal plates 2 according to another embodiment of
the present invention. As shown in FIG. 2, the guard plates 2 have a larger gap

width 5 than the plates shown in FIG. 1A. FIGS. 3 and 4 are top plan views of a
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flexible substrate 3 in a spaced rel ationship to each
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and thickness of the plates 2 are selected to maintain clear visibility of the
appearance and aesthetics of the top surface 4 and the flexible substrate 3.

[0025] The plates can be any shape, but convex shaped plates tend to provide
advantages in overall flexibility and reduced propensity for plate cracking. The
plates will have major and minor diameters. When hard guard plates are used, the
ratio of major diameter to minor diameter should not be too large or the guard plates
will have a propensity to crack. In one embodiment, the ratio of the major diameter
to minor diameter is between about 1 and about 3. Also, if hard guard plates are

used, the ratio of minor diameter to guard plate thickness should not be too large in
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to be open. FIGS. 10-1 1 show how the abrasion
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BERE, SRR ASEAATIT AWt L0 1 ks o
niadtifastiGingethsepnotestijy e graterialnt are stesqrdieg himoeorgonenly owned U.S.

| at 2 ] ral. [ f
BLARER2 4 ISPRE i S LT m O PRIICRPREsisy . pamic
B THRDaOF abBAK NG e dilet tulyeb,gROQT, JisarRhtpitaNes 7218,692,

TN S E D Whe e Lave
GUARD PLATE ASSEMBLIES AND METHOD OF MAKING THE SAME, filed
December 21, 2001, U.S. Patent Application Publication No. 20040192133, entitled
ABRASION AND HEAT RESISTANT FABRICS, S/N 10/734,686, filed on
December 12, 2003, U.S. Patent Application Publication No. 20050170221, entitled
SUPPLE PENETRATION RESISTANT FABRIC AND METHOD OF MAKING,
S/N 10/980,881, filed November 3, 2004, and U.S. Patent Application Publication
No. 20050009429, entitled FLAME RETARDANT AND CUT RESISTANT
FABRIC, S/N 10/887,005, filed November 3, 2004, all herein incorporated by

reference in their entirety.



[0027] Ot her enbodi nments of the invention such as that

shown in Figure 9 have greater variations in the gap
wor@shoPsd | n t he enbodi nent shown in Figure 9,PEES2008/054898

a mpjority of the guard plates 2 have gap widths 5

bet ween adj acent, nearest-nei ghbor guard pl ates t hat

are |l ess than the I engths of the major or m nor

di nensi ons s thap about 200 nlls Sone, of. :

{4%%uar d ?@SC@L?%HFHE ths, B Rl ?sf?o’%ﬁ yactEregh ping a resin

akRcled oo tiRUprofRmvetqiarities| fof eRAmpldakal, Hﬁél%@sp@no&ﬁ'@ resistance,
have nearest-nei ghbor guard pl ates spaced

\ﬂ‘umbhléty5a1g:} pthepproteciiye tqﬁéhlll@ﬂ at wellgs 1‘rtsr§:]‘gn‘d{xé‘1g(fg1a{ﬁctenstlcs to the

TeRMYle dhBRAS §’ns()1‘;l=)C sdﬁ&%legﬁﬁﬁfeglap kGt 8 culld PIakadd id Rehermosetting
enbodi nent of the invention shown in Figure 9 has

@paméesgla}arﬂwpgm agdth 5 dp sglecisel inrardst e amintgipgflgxibility of the
nkgh,@é gﬁﬁs@ra@é 80 ARYELSIRAS R o@&raﬂﬂ%{é%mes G msto] exhibit and

ose described in connection wt ure 9.
Veaseogsitepropditice of dleaibilityeandrsopplenesse Inaftr@rqnabodlmamd the guard

”ﬁ}t‘p 9%@ dco%@%ﬁa&l%hgo W%ﬁe(g ﬁﬁ%rsgi‘ E%{égv%d@ élllglé:zﬁll?t%&gl 2. In

ene |etﬂteﬂlrﬁbthPt}E: E’ENEWE!; ON\arRESh&STANT EFABREMIANDing a hardness
¥ Taghor Sl 1 WO ERESORY PP sl B g ment,
W@&%?a@f%MﬁsmgW§b&§ﬁm MEZIHQF?;LGE as silicone
RUBET G5 P S HO PGP EAITPO ARG e A0S0 T AT B R S materil

ABRAS! N AhiIabIEASH JSES! EANTard ABRESCS, whild still/ ﬁr%‘@'uﬁﬁ@ substantial
filed on Decenmher 12, 2003, U.S. Patent Appllcat

PSP OB AEP SR SuD b0 Hi5 RIS ProReTEY pf epSSOpbpERls, which causes the

RENELRAS Q&lf‘%}%lgTM dEDRR! ¢nddN gbﬁgd@egz andHUNGnal N more
10/ 980, 881 il ed November 3, 2004, and U.S. Patent

Affrule for o Frupding abiesh tRomegdgoRalipgazege gt matipl in order to

S SO R CER AN RER . L0 s s

ofibetmsen ab @dd 3P0 rse¢l*ea8e¢n9e<yuﬁquleei5rtf1@ gedrd plafe Poastedial|ty provide
gﬁb%ta%mp gi)lgglr(])h’ re%‘.iec géj @ Qup bpgﬁn&ufesremgé% %F)?ﬁceaéions where

Using a resin se or 'tS protective qua
Eop chamaEkisticscimt the @uerdcplgtep @nare ot reqsiedt Being, a harder plate also

g%il ;axglgl% IOaJX%g a ogrugeé hrg :c} rl(l’)l'g %ﬁ%t %% A avlwl)rtnllrelsa’reaassw re shgrp rocks
could potentially cut into the fabric. Hard plates will provide more protection in this
case compared to the protection provided by relatively soft plates. In one
embodiment, plates with hardness greater than Shore D 100 are used. In another
embodiment, hard plates (made from epoxy, for example) are used as one layer, and
then softer plates (made from silicone, for example) are applied as a second layer.
The layers generally do not need to be registered in any way. The relatively soft
layer, in this case, can be dots or other patterns including a continuous phase of soft
material. In one embodiment silicone dots are used with a diameter of 100-400 mils
and with spacing of 20-400 mils.

[0030] The flexible substrate 3 is typically also chosen to fulfill desired

performance characteristics. For instance, the flexible substrate 3 can comprise a

single layer of fabric or include multiple layers with varying physical characteristics
8



flexible substrate 3. One suitable material for the

guard plate 2 is a thernosetting epoxy resin. The gap
Wer@shoPsy s sel ected in order to maintain flexPEi/UE1098/054898

of the flexible substrate 3, which permits the overall

protective material 1 to exhibit and preserve its

properties of flexibility and suppleness In one

di.nmen t he quard at.es re conposed. of rigid, .
SRt e e s e Sress B e PlRR oty Pisal gdsind ghysical
ehadirBohs fdrh@e JUiblc Hubbtesic 3 RichideBdssifel ®rsd and tear strength,
nmat erjal having a hardness greater th n or equa’ﬁj:e g

ﬁ?m ort. In

dlexi ity GygpIenessh JraisTaeo desy, gur P?fn%me Wer tagiiiya?

et HplRAMidEelaitily df SHOTRxBIOBHBNRES 37 BNEIS Absired. In one
bet ween 10 and 50, such as silicone rubber or

srbodinaente thepdpybleriybsteaie dris depqlyey filmg lgraingtegstor  fabric where

a@n@ lc@fﬂ%n& d@l&%mﬁhﬁérﬂ af Qn&ﬁblperﬁg&ﬁﬁl%h? kheSfid:GBletsQbstrate 3
e guard plates l'e still providing substanti al

abaazm\@n fa@scr dnamothey @e'nbpdlmdmé, bk dbwilde srbiiete {5 oknitted fabric.
;}F S/F: angg l)gdlm\@m C[ﬁe %Qﬁ)?es sﬁlﬂﬁa@ ?sr 5 gnt)nthO\%ﬂsflﬁijMC In one

orm under applied stress hus ma
rorbedondéft] thulﬂexibic salpstlatfr Adiang pettgrecir 11n@g<man hlmwtoq:)adulrfyice 4. In

e% 8%1 ﬁér}{?en tth% ern or 10 radgrls 58 Iﬁ(t))u %‘2@ Oﬁatlte In el oet el:}ggodlment

il gerteah b @iineeinord ﬂleamqb s]ﬁfhcsuchlramcebﬁxgmb@dlmﬁd ths pattern is

t he guard teri,al to provide substanti al
3614 “btﬁt]i"gbf”gggrf@ arte ut or puncture resistance in

qeu3hj cat i ons dﬂﬁ%ﬂm@[ﬂl@nt@halﬁ acihat sietvicin Figuie® tigielest visibility

plates_ 2 are not requir arder Iate 0
RaieatoHify 4h higep sbra £51 wedl-oe epapmie Fedtanpitied trough
VR Risd Bf 3% A RS pisy © RRALP tﬁ@%h?sﬁélu}'n@p&g} Qﬂ'tlbeﬁ‘lllé Yra®@bfarent, or

abri

into the c. Hard plates w r.ovi
prepslueant svithont epprscighieescalsiig irithenvieile lbglﬁt"é%’ce?e@ﬁth spectrum.

%Q%EHI%QH %ﬁ{e@ﬁ b¥ heY suitfrhite® RlsBSwn IsE‘héi’ﬁ‘aﬁlcﬁﬂp QdiHBRlted color
plates wt ardness greater than Shore D 100 are

aséoattern vanietipie in Eigysel 7 bt blaglrerd pyhitees Qthergwniqublgge patterns
x? iﬁé ’otﬁ aﬁél%?ghg ln(?‘E or 13§ gol%?s ea}lécﬁ{@[lsed he I%ﬁﬂstrate 3. In

romsilicone, or exanple) are
apkblqtle:d eaﬂwdlraemt& et shpem) patteans agh@r shagteqaercalﬂage (atteros are on

eed .t e st ere t sof
5S8R SACLEe | Pn Bl wJiOE, LADRNL ! Fabi hnd other
iimtiéio dhd gmageonini trysised hasenak iof wisEbEnehbn of n taaubstrate

?Tbodi ment silicone dots are used with a di ameter of
00-400 mls and with spacing of 20-400 mls.

[0032] In yet other embodiments such as that shown in Figures 8 and 9, the
clear visibility or viewability of the top surface 4 of the flexible substrate 3 is
accomplished through the use of opaque guard plates 2 having one or more colors
chosen to blend in with the color of the substrate and sufficient gaps between plates
that the color of the substrate shows through the gaps. In the example shown in
Figure 8, for instance, the color of the guard plates 2 can be the predominant color of
a multiple-colored camouflage pattern. In other embodiments (not shown) different
guard plates have different colors. In still other embodiments (not shown) the guard
plates can be registered in location to the sections of the camouflage pattern, and

have the same or similar colors as the section of the pattern behind the guard plates.
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[0030] The flexible substrate 3 is typically also

chosen to fulfill desired performance characteristics.
wo-o00siiesance, the flexible substrate 3 can coP@F/USM0&054898

single layer of fabric or include nultiple |layers with

varyi ng physical characteristicsin which the |ayers

are | am nated or bonded to one another. Typica

esi hysi cal erations, for th

REUEFatE o5 ang e e locrrans 0 Bhari Fiates e pleblsgtp form par
folf @xaldiir| VikwA1EUBRING MBS ith WhE EfattefD 6h MBS Ssubstrdte so as to present a
perngabi]ity tactlllty and confort. In certain

apyelly atahfaﬁ%t PAHFHs 14 Eh?lgﬁh&hlﬁq@qdp@ﬁwféh% PyspiioR is dgscribed in

lc8nAdcti8n 4G 4 QQnoﬁﬂag%']ﬁt@Hp QelicreMHbodiiéntd ¥ shdwn) include other
substrate 3 is a polyner filmlamnated to a fabric

watderas sheh aspfrategraphfe Aonds. AYBbPlSr d@vigstapdptheryvisual indicia and
%\9/%%%3@%1? %in‘i@f‘tvvoxfreh%rfdtmeefoﬁﬂpé bh 3k én :t')hé ﬁlb@trate 3. In one

. I n anot her enbodi nent, the flexib
sotbotlimagrd, the guaged |ptlzttes:|Zf%bmpostructﬁdy‘é'prraﬂmmértypes of transparent

?{%91% %?q}ltra\;lgﬁt r%bb?(?: %ﬁ? ,Srléga fa'fﬁe § sirp ggte&md/ag% upon the

I'n one e exi e su strate
kiamaadspaf tferpamculamag:éicaﬁom hén pop esihoflanentAabdut 86fie or more of

patt.ern or anpuf | a
Sl}ﬁ ?IgPﬁEJEF of Ihget gt 1mp nges upPHgtﬁe s*u‘tfaecren e ag(f D C?tes 2 passes
theuglothesplatat avid lekfttanabher Z(BEIb(ﬁ dld’mﬂpl;tuﬂh ef fhatiherming light

i S WO he fl exible sub trate 3 031], I n . one, ..
S RISt i 2oRA RO e 8 PSS sty aff Sbilty to
viafidrhit | light @ithotitexppbédidbly sOhutdrig S®phaUiht asRtidnoObf tthe flexible
erX|bIe sub(%éate 3 is acc nplls d t hrough the use

SFOSYAE YOPYEERRY ey Bla{eﬁ BRY ST property of

bgizBP transpan®Atent OF tlahANSdrkd Giés EVlaIlBQULhe %ﬂﬁé&ﬁ}e&hh@nal 1 to
scattering, to the visible h@ght wavel engt h spectrum

Phasechirapplisgiions dequrng slash prd abresiop Rregiquingydyible substrate
§Cp@t%hﬁﬂéoﬁsl\9" rEE'uﬂ‘é @T'e&te@isi%ﬁ Irof R, ]%"b%}ﬁl%‘ aﬁ@%&éﬁé‘tﬁ:@ of the

In"Figure 7 (1’e., er canouf | ag
Blaxibée pebskratgi hgn@tltsetpp piarf@@fr fis Iélirdfr rrome Greumséaices|the dlexible

g%g%%eﬁ% I’léj gro?éc%jd B3nd eﬁnlépﬁ{ercﬂérﬁce?l wéa? tﬁtakfl) d Qfdlaﬁi 3 gradual

not shown) patterns other than canou
pegraéerthm clrtbe enlor fer mﬂss@ncattbe 8ye popigmeanpf dhe substrate), texture,

c? an ;a a@% orV\@(l;lgiS ’paﬁg the Cﬁ&mlg gs?ﬁbé?ipa% %t h%J(he translucent or

i mages ‘can Woven or ot herw
framrmchno nthard lpiatbshéz SredlE’er ent @r@en{ @03 Dhnical yetr Gjnhﬁre flexible
at . shown

HBRRUT ot P 1Pl Bt Ry OB REER e doflana s
afp dubacé hexi bl e substrate 3 is

[0034] The guard plates 2 can be manufactured from glass, ceramic, UV
curable, thermoplastic, or thermoset materials. In one embodiment, glass plates 2 are
adhered to the flexible substrate 3 using a transparent glue. In another embodiment,
UV curable and thermoset materials are formulated to be liquid or paste resins at
room temperature before they are crosslinked upon heating or UV curing the
material. These resins are printed onto the surface of the substrate and then
subsequently crosslinked upon the addition of heat, UV radiation, or a combination
of heat and UV radiation. Electron beam and other curing systems can also be used.

In another embodiment, a thermoplastic material is heated to a liquid or paste state
10



acconpl i shed through the use of opaque guard plates 2
havi ng one or nore colors chosen to blend in with the

W@ 0081103989 t he substrate and sufficient gaps beP@EES2008/054898
plates that the color of the substrate shows through
the gaps. In the exanple shown in Figure 8, for
i nstance, the color of the guard plates 2 can be the

predom nant coI of a [ ti ed_ cano flage

SR tbaoriied gpidhe Smtulace ad i Bl i i ngner similar
Gblathgt pkat @5 franeud thebRnbr Gtﬁémcsset hésisd. | Ad tﬁ& hegin cools, the
enbodi nents (nat. shown) the g d pl ates._can

tegroptasig materigl h@ﬁdS’ﬁS £B8d talBxee ] it dlepible ﬁ%bstrate 3. In other

CaBRMfhags m@t S ehd pl1ABRd zhgeéemhﬁke AR eAmis) mekzar or a composite
colors as the Section of the pattern behind the guard

phatead. |Ip caefeaghodimpert, s pptecHmel msteriahd hascagqmabisatign of guard
ﬁ‘eﬁe&?‘ Qﬁzgib pﬂr%edsvﬁ'ie@¥ of ld?f%r@gt ﬁqgteilgfsm ﬁ’l‘?'bl:le g&ab@ﬁﬁ%&ﬁ the resin

|sua lend In w he pattern on th trate so

asatengal prfethe guard platcsas hyilgiwhéyleﬁhelpaf bleplnﬁnom Withghmine curing
th [ of the invention is described in

é ﬁﬁegggggwyg dsa canmouf | age pattern, other

ewﬂ:is]jl nment sIn( ongt esfbodm)entn dieugeardt Hletes Patte mmufgohedsising a
PE%]I g?arf% ngf CV\Hglr dsaridfé%re ghn r aw ngéc’s\s\%\r) gantSIqererr\l/llaos r%lent the
(pbl’}&JﬁeMrSﬁn fu@dsdr&xﬂ each gliard @lettdne isal bﬁé-paxtt @ed-curiibleBpoxy resin. The

odi ment

PAPREIE e B Bt e B TForts  (yppEuiable for

& n-SHhAAg BERIORS tenTftattiRS | A stiees & @ellad ;Jmsaﬁ gt@edl plates 2 on
t he demands of the partlcular appl i cation. on
Sl plesubsteate 4t Imeng smbpdimengiing plates Aare tﬂtﬁalepaa?ally cured ina

k@bl bhety b UGBS PeRANVIE tRUEERGR RhgbthRogyas d fluid. In one
plates 2 passes through the plates 2 with | ess

t ha
smbadimt, dre plates el cwigd kstwesie aboito?f R ‘I‘I}dgH‘POUt "150 °C for

%%Jeﬁ ra%@ug bb fa'ﬁﬁ erY)ut bU rﬁﬁ‘ﬁw@ er Inemkogr'ngg&ihent r'tﬁe %‘ﬂl@fdj plates 2
['ates 2 have the abi | % to transmt Iight
@’

a@sr@ca a@lcbarseaétlmrunh in trapartipldy p@tietimn@r@all}t mhdlﬁed state,
Me‘?éﬂabhﬁ)aftgg%fi@sﬁﬁd%eﬁ%%&% Q¥ edcl %f ﬂr&’é@{e‘ﬁ 2 are

VI Si ransparent or trans

#0036y t he ﬁﬂx@t}ﬂrytswaleamhtr@phahcal pt@peb@esﬁfemelgmard plates 2 can be
RR catLons uiri sla§h and abr.asi on roteg gn

costgmegngincered subs er"'z%t PTG,  POITOTANES, | FTEent, (i & siven

Gﬂ)}ﬁ&fatIUnSI Ini bnet ymbbdlhimt athp efanankaeoanrf taesh:henalcsomjbnsmg the

t he .fl exi bst t its t .surface 4. Under

bl e O o8 BRORadiRER 10 efadne Fret TRuf NBpARE dfirett'SFbioss and

Afs@ire C Meshyf FeRMse¥dre b8 AliscaEbAR Résui inveRihyt uaad Ojlgkes 2. In one

sudden or qQradu radatlon of th color of in .
BB EafEeT eb%%mﬁ QR BT fiaised 5ok haraupd plafe mpigrial. the

reflectance of the guard plates 2 can be adjusted through selection of a curing agent.

In one embodiment, the curing agent is an amine or a blend of amines. In one
preferred embodiment for achieving plates with a matte finish, the thermoset epoxy
resin includes a diglycidyl ether of bisphenol-A and a latent curing agent of about
50% dicyandiamide and about 50% aliphatic polyamine. In an embodiment that
gives guard plates with a shinny finish, the thermoset epoxy resin includes a
diglycidyl ether of bisphenol-A and an aliphatic amine curing agent. In other

embodiments, matting agents are added to the resin to give the guard plates 2 a
11



and any weave or color patterns in the flexible

substrate 3. The translucent or transparent guard
W@L@Bae3989 r educe or prevent mechani cal wear onP@TIES2008/054898

flexible substrate 3, yet do not inpede a clear view

of the flexible substrate 3 itself and its top surface

4. [0034] The guard pI ates 2 can be manuf actured from

| ass,. ceramc bIe ermopl asti c
TRt alrernl STOPRTRAY QoGO HER: 265 dSssfipa; odn nother
2hoddheitethd malttg bhaxi 1b|\ea>5 phgicledl eIB ousidhgbolliment, sufficient
transparent glue. |In another enbod

i pent, UV curable
Mrdting Aeeps Y addedriearsully @ fomeile af‘g‘aht‘ﬁl%% tﬁ? HAngPYency or

RastI8cERS TShAfudr@ PatdcIManahtiedoef ore they are
crosslinked upon heating or UV curing the nmaterial.

THBIL resin@ 2 altpmpHye gmhodinetie fidlgrss argeadsiedttyethe guard plate
sihadidiab %tl@ﬂ%th&li‘% 15’:93 Sﬂé’l@@?l MinWrRShbdHEEnt Wtrﬁﬁk‘fﬁarency of

addi t1 on of heat ation, or a conbi nafion of
iecaplaten d lqusamedtbmhooa&ng etfillsn Wheaerindey obrefeaction is glgse to the

FYRKEHE e(ﬁaarc]u@lln 0 e od I%.d laje’ m@tﬂ:‘?f;aherFo? @991 igly8idyl ether of
i R PIFahedigy

ernopl astic materia eated to a |iqu
bishpbemd-A henampindax efl retfrﬁtcuon oéabay 1sur %imi:@laﬂs l@fad$ ftgpe A glass)

l eza(lll 1bn| CX %%?esﬁ‘ac%tgﬁ 0% abo 81 ?Pﬁ]%%r Tﬁe H]f%e"i"énct in tllh oﬁgfgjactlon 1S

e or hernnset resi
@malls::,noh@le thaln eludfrrqsirﬁ&ﬁmmnmﬁamnahly tramsqbereslt aviein aaibbuix 13(35—50% by

totheerX|bI er, enbodi pents, th
it SRS i BB 30, St B e RS ol BAteRt sibiificandy
€N abd tlﬁteffa(fﬁﬁ lbleﬁifeenl theOfilere Ad dhdeBhtinddi8 Pliadt asft théeresin or

?f%%ag%% }netﬁg 3 Corqg%egét OQW?Z%I@ P pgn& ég%{észbetwecn the plates

Qrﬁb@@lhdgeﬂ&o bt BRall 86 itRat WRirefitaak pRhcthiRaegbianet Blobtfsed & well as
adg %(ym dyl ether of blsphenoF A wth am ne curing

slgehtnd ahrasign sesisianesdin qrodws Prbrd sRRtSRBISH S TisHers of Buard plates

GHAEd RS At iCe A B TRAUDAREHILTMSING, & ARFRLNALE PR yet the
processes. In one

curing and screen-printin
mmmlg fAtof ﬂﬂ@tﬁ@ll%trﬂﬁxhbgﬂsﬁqbs@%téé regains gidarkyuasiple.
21is e
B o S e e e A D ransprent
Ehariddlitendyi Bor suinpdb|ié afligh soncratrapien of inrgtieg agemns used the

%ﬁ%ﬁg’gﬁ%y% %alil ﬁg%ﬁrugg éthgg E%{ ?sg Igéq&?ﬁslilgregy?ersgl will wick into
eretfbakibte stbsttahe3 phd\ﬁakerz tlwr®1¢rhtfrthqaﬁcxlubh:| Jupsaate 8d Therefore, in

%(I)gﬁé g%llbpalr U\{sagﬁegr\]/ﬁtiﬁalbrhgf tﬁgll\g\{g %straqg 3rﬁsr{1gxur}1?zed and any
color shift caused by the resin is minimized by using a large gap width 5. In one
embodiment, the guard plates 2 are about 40 to about 200 mils in diameter and have
a gap width 5 of about 5 to about 200 mils. In another embodiment, guard plates 2
having a diameter of about 50 to about 100 mils and a gap width 5 of about 20 to
about 100 mils are printed on a patterned flexible substrate 3, thereby allowing the
pattern to be clearly seen while still providing excellent abrasion resistance.

[0039] The area fraction covered by guard plates is another parameter that
can be considered. A higher covered area fraction gives better abrasion resistance,

but in the case of colored or translucent guard plates, also gives a greater degree of

interference with any colored pattern of the substrate.
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enbodi nent, the plates 2 are cured between about 90 0C

and about 150 OC for between about 20 and about 90
worewatiesd | n one enbodi nent, the guard pl at es PCT/ES®IY/E54898

a mechanical inprint while in a partially cured or

partially solidified state, thereby inparting a

desired texture to the surface of the guard plates 2.

[0036] The h SIC hani.cal , properties of the

d{’)fﬁ‘ﬁ pl at ﬂé t?é‘g Yeil§i ARGS9 Yesisiabge of a composite

siaciufd, aviaet ﬁlaf gamepla@g lmhefd%mﬁmlsanoép&(ygieylﬁrbontammg ass bead
n.one enbodi nent, the fornul ation of ﬁ%

I t
%ﬁ@é :aﬁ? P{gglg%% PERteE opfae? sg%ﬁamslr WPEen polygieyigh ﬁ&dpfasgaed with

taOr4hcY eostdd Qusiigl B o REbd)s Wathyl 010 %ﬁ&r ®ezhef AHhBSSh Blbresin used
luster. Many resins can_be used that result in shiny

fusrley) tivdatr wap cofaed s dionthst addide of Ribmenssdiis does not

| f [
FIPILF oA 5, ST B 1o SR qabiS vt

transnagint sesies Figne dP shows thah gheaajwarion teﬁls@qapge asa functlon of plate

SIBRILTE o) 05,ELTB.ARE0K 300 PTG B 3,8 OS] o
plsat gsowi thiat chawaigt @ £ovdred, arbzinefrztdwnmas eitmzdbcusy alvcam A5% can
Fgﬁro%?n(?g‘[ela &jou%Hcy ﬁled%l z%s?ctngreerS{s aé’ﬁ% the Qas fAbrl dFlgﬁr& 11 uses the

FiTg agent icya
ahoeet6 Sﬂ%naihep:lm iskoyeo liy dtigme. 10 ahoﬁl’ﬂied&ibmﬁﬁn tdstance as a

dision ioede Pre il dhamerfy Ul B 7o Betes; b epRuRo  faregion

Wh@reﬂiﬁe g@hp phakhter fiihnke platd digma@ge ﬁlfom ih3 roEibe where the gap is less
mat t are added to . the resin to

& Q%Eg}xﬁetﬁr Ign(glgat ggémr? at ¢an\be peen, thatthe gap should be less

ﬁﬁh%’é ﬁlﬁﬂ:t diafnBRr RbideP & Gtd&Rithé BesthbiaSdn rkdistamat her
enbodi nent, the matting agent is wax Fartlcl es. In one

Wdbdi ment In 9pf erbodinetathe) Gryeredenee fractipnyisdatgeen about 10%

LEB Y. iNoBeBhbEdifdeRtsShe Wmlér@d LS fdcAB8 E’@B&%é’n %out 25% and
transl ucency of the guard plates 2 is maintained

pOB37] In an alternative enmbodinent, fillers are added

L@ﬁ]he guap ﬁi aBl Aefn eéﬂll%dlﬁl%ﬁls 1he %glaﬂlepla elg% gt{eah‘%de from a
| 'at'es 2. n one e i ment nsparency of the
ﬁalat: estazdars qodlésex \ﬂadlebgﬁswmosnatgrl@l flir Idnerembalmentadbx guard
ac n t refraction.of
?]ﬁtes - A d}ﬂﬁﬁat%&n 4 8%?%<i18yl'zgﬁerj §§ %Peénoé A[ 1ncor%orfmng a flame-
Eﬂtdréantqfo“bies hgdigng Ire Al thgs ingem acnd;ﬁxbleﬂe\redabf ﬂeﬂnle mﬂamfance and/or

BF erramiro i iR BRBUERTEse HESate Y pLTBRERrO In one
¢mblekmeht raé r Amhe ofetdrdant additive is aluminum trihydrate, magnesium
hydrate, ammonium polyphosphate, or a blend of these ingredients. In other
embodiments, other transparent or translucent compounds which provide flame
retardance and/or flame resistance (e.g., halogenated epoxy resins). In one
embodiment, both the flexible substrate 3 and the guard plates 2 are made from a
flame retardant and/or flame resistant material, resulting in a flame retardant and/or
flame resistant protective material 1. In other embodiments, non-halogenated flame
retardant additives can be incorporated into the formulation to provide a resin that
preserves the high degree of transparency or translucency, while providing a much

more environmentally-friendly and user-safe alternative to traditional halogenated
13



smal | enough that the resin remains reasonably
transparent when about 10-50% by wei ght of gl ass bead
WO 2008d0B989 This ensures that |ight does not scRET/E82008/054898
significantly fromthe interface between the filler
and the continuous phase of the resin or material used
in the guard pI ates 2. In one enbodi nent, the gaps
betvveent tes 2 re chos nto be smal| so that
It Frietiiet BiRere. Docinct SHERITEGnEs: SO aE St Rpmggsed of
%l?gﬁeﬁ%@ﬁ%'m b @HbSIHRPGR. antlbx@ant BefupasadiAeNduch as bis-
tlple | ayers of guard plates attached to a fabric

@hyrithd nhspyl phosphate. etagetheruwth & AERE AgENTHch &8 Srs(4 “amiinophenyl)

ﬁéﬁﬁt]ﬁﬁgﬁaaté/ el nt IR iR e HPHiACK té‘fpﬁ’(ﬁsphbﬁ)u@lébﬁfamiﬁ% oXy resins
preX|b substrate 3 remains clearly visible 0038 ﬁ)

|1$1tc>smbldp i plrespBorous geatp Wikhigithe Peing agegt a&lﬁc\é%rather than the
gﬁﬁl gﬁio’lé’cuﬁé AP ERACEAL 1HUAL e@h?ih@sgty%t (EQ:rurl% a&g@htemclufde bis(m-

_ concentration of ttin IS used
gcramplphalt) es rQeth}alphb?@hmeoud:gKldq n GIAMPOMst ditc e@ndt hdri-amino

CM%S rpp r]%zer? ! n\AA !11- W.ﬁlcﬁi-h Jlr%x%? chlthél:l(gkﬁ%%enes and various

rken e co

$>hbsﬂma&t@x18es Ther ef ore, in some enbodi ments, the

Isibility of the flexible s bstra 3 1S maxinz

1#10%3gny coIIO tijfﬂ fefnbgéhnsleen b%g/'Il the'y sl‘?tﬁsl s A ?‘ﬂue E?‘hef than
yinsigirétd ot thaakeeaplivd opdaubnesk ran nesuétnfbadi theatiditivhef a flame
uard pl ates are. about 4 about. 2 ils i .

o Bl PSR prifugn 8 §Rier ol i B thinou et eBagjments. clear
280ility 6f theRopREiAGS 4 eraedilaEble, subsiadiel 30k atitsvall thadiighQthe use

a di ameter of about. 50 éo about 100 m s gndl_

9 auplagvely 13156 8ep i RGN Lo e PlaiFe pr.hﬁtlgr@e&rpamdth 5
RALWE rtl'ikerlM Bx 'ami %n? lfﬁﬁ&lﬁmaﬁl%tgd ohNBE ehy s@ddceVd BY wohen into the

pattern to be clear seen while still providing

élﬁzswéarler SHPSTEH® akitnbe ééqaglfyaﬁeéﬂe [d5omite tfr%e%tﬁr%zylates 2. In ome
ﬁf%%hin%tcar gﬁgrdbyrawgaﬁ dar@'p'i‘fn%&l il ATRLNAE PBLANBIPhaving a

can be considered. A higher covered area fraction
gamegﬂ%@maéﬁenam%@bm 7pée iabeutridamily in diametdreandplgyeds gap width

%ocJ rbSlgt ﬁf tot £b%@l§$6' %r %n{ﬂo hﬁ t, %/) t\fse%do%d to the resin,
greater egree o |nter erence wt ore
p@uttergmnoguatrch plagesb hrwing . @ﬂdror]haFrsgﬂJmelsr 1coa dlothindnt shlbpw of the

he.
@ﬁ ?]uag g%é:’ ?Lﬁﬂfaﬁﬂce%ﬁgngeéﬁ 1 %%pgc{l%i‘(} gla’? rz“aﬁ olévsethe color of and

at es
annipaiteinngrigtdea drewdvdn Idte tha fdxibieg ntﬂmtratem |ta51tbed:1emtyov1s1ble

o besuar MR geBla Siber o shiikntooRs bt firfyes fom
e Agught bR gf@midnandsBatkpoundl dotet ihhd sisdalt effs@sknown as color
%grlls%{necg/, grlljdehcgvso/ t}tlehlelunallglgj Ie% gx?d ngaII‘P lioeq{:rg%sscol(t)rhe\?erglge%hg ggt result
is for the color of the foreground guard plates 2 to blend in with the multi-colored
pattern of the background substrate, creating an illusion to the human eye that the
entire substrate is clearly visible and recognizable, even in cases where a substantial
percentage of the substrate area is covered by the guard plates 2. As discussed
above, as little as 25% covered area fraction is needed to substantially improve
abrasion resistance. With this coverage fraction, colored patterns on the flexible

substrate show through the pattern of guard plates very clearly when the color of the

guard plates is chosen to blend in with the colored pattern of the substrate. A unique
14



significantly affect abrasion resistance and the main

results apply equally well to transparent resins.
wo-2@anes9td shows that the abrasion resistance BSI/HS2008/054898

function of plate dianmeter and gap varies

approximately linearly with covered area fraction.

They al so show that having a covered area fraction as

about 25% can a oxi nmat el e the
Tt P A PepE e nhen hERGALE PR shIE OIRhg T plafpse that a
tr&lenceuy \Hglb cHvdred ardahRadiiding fc&rwmpm abb 5509, 1all sHnvillow a

t he si.on Si stapce gs a fun n of g a

a V@ of ﬂﬁ%{)ﬁ ot ﬁﬂ? ﬁmgﬁrdwg @ ’Enegﬁst‘ gtgﬁfolﬁvels of
\ghsfdeplhdaeco@@ﬁgb Sn 9Ki€ awa@r alldvaNfok f&esuﬁlbﬁdiﬁ%? h@?ﬂe@él bf 81 colored
the regi on where the is |l ess than at

(ﬂ’?"‘é‘ﬁ‘ét(’g the ﬂ%h%et%lbgtr%t? w}@w threugh the Paerh Otf gaerdMateyap

Y| d be I1gssnd Raoliftert! dlcCtd) JMRIRN41dT BedfExibR substrate 3
obtal n the best abrasion resistance. [0041] In one

coifatiis reeamoutlage paitemendathe guprapketcs ¥ havepkeler thajipeosen to
di
%%éﬂquwl%)t’ﬁe Jaﬂm‘%ﬁﬂ@é SHQ% | n%‘ng ?i(l)g{fi% B aﬁe pattern is

raction Is between about 25
a¢atddyna$lbl¢e e pHwdiemdotimertis q;;mrgma{d ala@ aze aseal pmdecamouflage
Su? ﬁbflane retardant and/or a flane resistant
fial. In one enbodi nent, the guard plates 2 are
mmle] from dndlrgl gmbmmineet, hld[htn’bs loius ph elded Ao the material used to
ager et

i ncor po atin fl

FOCTREr I R 2R S P abul B8 rChibnt e o tng material

8ucH oﬁfrﬁﬂeanaidi@@dssa@nmlmhlel &oﬁﬂalrl?gbﬁnn g %ﬁr@%o&&h@ Street,
ree I ans n one enbogql nent t.he a

REHare Nl oBhBE T T gp ke o1 PG aPL Lot gHedt Gy infrared

bigda@dteof ﬁmhmgu ip ed:cml&a&@ Batathif karfeb spetdfi@f by ARSAilitary. In

ingredients. In other enmhodi nents, other transparent

re emRAdIMRIEM cghpstinyof W(ﬂiil(éﬁ— and H@nfqnéﬁiéomde pigments in an

Lebal-HaRa epatH{Rln hlodRs &S] S8ANCHo Br Blendl iGLMR LAEkground
ony resins). In one enbodi nent, both the exi bl e

Bsfmlél%ea}?ﬂﬁeﬂh evhileapaiishying dbe miditay irnerauirppanty of infrared
ggﬁgﬁu;etardant and/or flanme resistant naterial,
sultlng in aflame retardant and/or flame resistant

ploggiect i ve 1NBh alibdhtive ethBo@hREL, 18DRAH BRALSS 1nclude a

non- hal ogenat ed fl ane retardant additives can

Phesphpisrenne ar PebhPRET sef-humiaesdne (is- 5Miruﬂlead%ﬂé>sa<1€htwe
UE@Bf ?E}ﬁ&%ﬁﬁgﬁ%céd@ S4Hii9b 26QL R élfard El%ﬂ?% PO PRGYpHIresce when

transl lce I'e providing a nmuc
placed in a dlmly 1it environment after the guard plates 2 are exposed to a light

source for at least several hours. This characteristic can be very useful for
applications where a slash/abrasion resistant garment that is also clearly visible in
dark surroundings is preferred (e.g., a worker performing road construction during
night or evening hours). Phosphorescent and other glow-in-the-dark powders can be
obtained from MPK CO. 602 West Clayton Avenue, Clayton, WI 54004-9101, for

example.

[06047] Various modifications and additions can be made to the exemplary
embodiments discussed without departing from the scope of the present invention.

For example, while the embodiments described above refer to particular features, the
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nore environmental ly-friendly and user-safe

alternative to traditional hal ogenatedflane retardant
W@owsto3ves. | n one enbodi nent, an epoxy resi n BPONPS108&e54898

of oligonmers containing both a phosphorous and oxirane

group is utillized, such as bisglycidyl phenyl

phosphate, together with a curing agent such as

bi s( 4- am nophenyl he hgsphate., An alternative. ..
RSt RORR taf 35 ldes RAGRAMALS: nVl W FLRA dofhinarions of
ifeethingd eartch enfbodémbns othat gfooupt intlhide dlhevfcurd rgsaipedt features.
nmol ecyul rather th t he epoxy nol) ecule of, the resin.
BESRRE o Fopey Glp ooty FHYGEE iHDNEHA0 Srbrack all such
RitsinaBvE ) QRGEAYAHonSE bAY VaAesHi fie fOX ndid BRVRpe 6ff the claims,

and tri-am no cyclotriphosphazenes, and di- and

fogethey grigysll equvyerts pssihazenes and vari ous phosphi ne
oxi des. [0043] In other enbodinments, the guard plates
2 are opaque rather than transparent or translucent.
The opaqueness can result fromthe addition of a flane
retardant agent or fromthe choice of filler or resin.
In these enbodi nents, clear visibility of the top
surface 4 of the flexible substrate 3 is achi eved
through the use of a relatively large gap width 5

bet ween the guard plates 2. The large gap wwdth 5

all ows the color of and any pattern printed on the top
surface 4 or woven into the flexible substrate 3 to be
clearly visible despite the guard plates 2. In one
enbodi nent, the guard plates 2 are printed on a
flexible substrate 3 having a canoufl age pattern, are
about 70 to about 80 mls in dianeter, and have a gap
width 5 of about 40 to about 50 mls. In one

enbodi nent, a pignent is added to the resin, resulting
in guard plates 2 having a color that is simlar to a
dom nant color of the flexible substrate 3. Use of the
pigment in the guard plates 2 allows the color of and
any pattern printed on or woven into the flexible
substrate 3 to be clearly visible despite the guard

pl ates due to a nunber of contextual cues the brain
receives fromthe adjacent foreground and background
colors in a visual effect known as col or constancy,
and how t he hunman eye and brain perceives col or
overall. The net result is for the color of the
foreground guard plates 2 to blend in with the

mul ti-colored pattern of the background substrate,
creating an illusion to the human eye that the
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entire substrate is clearly visible and recogni zabl e,
even in cases where a substantial percentage of the
W@ estomse area i s covered by the guard pl at eSPCI/US08/054898
di scussed above, as little as 25% covered area
fraction is needed to substantially inprove abrasion
resi stance. Wth this coverage fraction, colored
patterns on the flexible sgﬁi%ﬁ@ge show t hr ough t he
pattern of guard plates ve riy when the col or of
t he gugmhg: RIdigsedis: chosen to blend in with the
colored pattern of the substrate. A uniquefeature of
t he prlesentAisHpels: Sobally flerdde cappopiée slongnrey compaising:

guard . t .a: ieyvel y: i I ' :

71 act 1o BLpE Ak ainal e Aok R aey U PP Rding owo
hi gh | evel @fmuteséddotst biyd of t he underlyi ng col ored
pattern. Using higher |evels, of guard pl ate coverage

U t b2 AEY o4 IRRIE TRErOVEr BRPisE BARA eRIngRACERbEUH Plates
the col or edhRatd RlaforeindiAmd: ldanbienSabsidaatia d fredeMhined
through the pattern of guard plates. [0044] In one

enbodi ment ,pattieen pvgr asHbistadialipertioniad the swifigecof the substrate,
substrate ont aiNs f r s
guard pl at g{gﬁ e{?gt\ylg g}aﬁfzcgﬁ %I‘?éétaligg?r %Pg&ggﬁs%ﬁ%gl%ggtntg ‘l“?llble
W th the cdighifsbalge thatblered patterh lbinghe sindadaneithe tshBstrate is
canmouf | age pa [ern is readily visible. In other
enbodi ment s131€t%ar guard plates are used on a

canouf | age substrate. [0045] In one enbodi nent,

additives can be added to the material used to

const R2uct tHe quapaesifs| sttuetirg off glapmdlewhereis bt kepstthest of the

infrared signature of .the naterial_..Such infrar

st {156s PaPE b iy s Yo P Bt AtR SoBLBHES thatare tss
Adanabobt edengiNe\wdrike mijor@idRhsiohhbs thraguaagpldteat i ons

for mlitary clothing where the infrared signature of

the clothing is required to be within ranges specified

by thg M | IR dombdbiQMerBAROAE BRM 2 RHERAPLAZ WIS Rktween
iron oxide and titanium di oxide pignents in an
adjaeenttguardplatgsog genemily ymifovindes for a good col or for

bl endi ng into the background of a canoufl age pattern
while satisfying the mlitary's requirenments of

i nfraned siTgRaionhSosite G04h6lurd Bf alRial2 @he@in e minor dimensions
enbodi ment, the quard plates 2 include a

ghehepsisrd slaten arslesstthan abgE209mis| - | umi nescing (i . e.

gl owi n-the-dark) additive. Use of a phosphorescent
additive allows the guard plates 2 to phosphoresce

when 5. The composite structure of claim 1 wherein gap widths between

adjacent guard plates is generally uniform.

6. The composite structure of claim 5 wherein the minor dimensions

of the guard plates are less than about 200 mils.

7. The composite structure of claim 1 wherein the guard plates have a

minimum hardness of about Shore D 10.
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placed in a dimy lit environment after the guard

plates 2 are exposed to a light source for at |east
waeosnedoshours. This characteristic can be verpCUE8500$/054898

for applications where a sl ash/abrasion resistant

garnment that is also clearly visible in dark

surroundings is preferred {e.g., a worker performng

road qonstrpuction duri ni ght. or. eveni hour s) ...

Phospibr escit CaRRoHlaAeng it ot L SR AF S S gingsp ctear

?lﬁémm@eﬁm thPiekiBlec 80BstMS hndAiRYd RIRd PLgERIe,

ayton, W 54004-9101, for exanple. [0047] Various

nodi fi cati ons and additions can be nade to the

exenpla@ary ' . j it j f

the Soope ot RUTESHE hRFHESEE ! Riler ARRRL fesREmbl i of

thegend pdatee Madudbs i yhedhabing enrieder of refipation end arfiller

features, .thescope of this invention also.inpclude .

SRt e RIS <ire brdan BEE sk BuRS et sfipgton of

andp & iments that do not include all of the

descri bed features. Accordingly, the scope of the

present invention is intended to enbrace all such

alternativ i £ J: ' : Ak I

i thi 10 he. e Ripos A BfLEe (TR LBLL AR Ry plates have s

apticVahielnt s t hereof . CLAIMS What is clainmed is: 1. A

suppl e, globally flexible conposite structure,

conprising: a flexible substrate having a surface with

a col qned paid &iflpdsite! sadicife bYRIaNn MhEred R Suard pthtéare

array of small, non-overlapping, printed resin

famerietardgntar d pl at es havi ng nmaj or and ni nor

di mensions arranged in a predeterm ned pattern over a

substantial portion of the surface of the substrate,

wher eil@. t hdlguamtp@litatsasicarre of chiraplawhaiteimthe guard plates are

transl ucent to visible light so that the col ored

ﬂﬂ?%@?ﬁ“@ﬂnﬁhe surface of the substrate is visible. 2.

The conposite structure of claim1 wherein at |east

nmost of the guard plates have gap w dths between

near edB- neildisbromppsite stprareof claan lavhereds thetguand alges cover

%? $ elereln%toﬂts 2@% atnlaeabm 96%%%9%{18&?&1‘[8]‘ the guard

at es.

14. The composite structure of claim 1 wherein the colored pattern is a

camouflage pattern.

15. The composite structure of claim 1 wherein gap widths between
nearest-neighbor guard plates are between about 30 mils and 60 mils, the minor
dimensions of the guard plates are between about 60 mils and 100 mils, a
thickness of the guard plates is between about 5 mils and 30 mils, and the guard

plates have a hardness greater than about Shore D 50.

16. The composite structure of claim 15 wherein the colored pattern is

a camouflage pattern.
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3. The conposite structure of claim2 wherein gap

w dt hs between adj acent guard plates is generally
wWaQip00B003989 4. The conposite structure of clai mPCTIHIE2008/054898

the m nor dinmensions of the guard plates are | ess than

about 200 mls. 5. The conposite structure of claim1l

wherein gap w dt hs between adjacent guard plates is

generally uniform 6. The conposite structure of claim

5 wherein the mnor dinensions of the guard plates are

I ess tiyan apgutordPssitd dtfuctire oFREAIROTE ABetin Shp W& tHHs®etween

of claim1l wherein the guard plates have a mni num

lndiegpisgnasd pieuts sSherlyDMIfOrBl. The conposite

structure of claim11 and further including a clear

pol ymer film between the flexible substrate and the

guar d 18l at es sufpleTglebahyblesidle cstpusiteistenadibires campriding:

wherei n_t he, resin terial of. the guar | at es
eﬁéfﬁfﬁa

i ncl udedd AR e SRRV IR A celrad PRERRGIuging two

filler mateyigbren@bidgadh i ndex of refraction that is
close to the index of refraction of the polyner. 10.

The cenposiytef ssmalliaoonrevestapping; printediresiaimateriel gupad glates

pl at es hav tte fin T Lte .
structure gpag F{g’lgn%%vlo %@?gﬁ %&{lj fwsem{gaﬁ%a&g%%g‘? ersanaclirrénnor

fl ame r et ardimehsioh? arrdhige Canpedterdinadqiatieen ofercd aibstantial
1 wherein the guar

pl ates are self-|um nescing. 13.
The conposiRoEtidh PE&%%F oL £ FHOB e LFEIE P triarsef the
pl ates Cov%gl_la{;@ MeH1aReH W?tﬁ%@@glo?&i)ﬁgttéﬁ%f%e %Lﬁﬁtrate.

substrate. 14. The conposite structure of claim
wherein the colored pattern is a canouflage pattern.

15. Theg conmposite structure o L ai,m 1, wher ei,n_ga
i it nd vt v oo S s BBy TR IYATLE Bpd Host of e
peirdgagneabaid gBd) witlths batidedlhdlirdss-neldi®oRgad plates that are less

than about the lengths of the major dimensions of the guard plates.

20. The composite structure of claim 19 wherein gap widths between

adjacent guard plates is generally uniform.

21. The composite structure of claim 20 wherein the minor dimensions

of the guard plates are less than about 200 mils.

22. The composite structure of claim 18 wherein gap widths between

adjacent guard plates is generally uniform.

23. The composite structure of claim 22 wherein the minor dimensions

of the guard plates are less than about 200 mils.

24. The composite structure of claim 18 wherein the guard plates have

a major dimension to minor dimension aspect ratio between about 3 and 1.
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di mensi ons of the guard plates are between about 60

mls and 100 mls, a thickness of the guard plates is
wheisaessabout 5 mls and 30 nmls, and the guarPdI/phapges4898

have a hardness greater than about Shore D 50. 16. The

conposite structure of claim15 wherein the col ored

pattern is a canoufl age pattern.17. The conposite

structure of claim 16 wherein gap w dt hs between

adj acent guard plates is generally uniform 18. A

suppl &5 9! oprd Lymbb&id fhRtE&RMIRAihe1 $ WhesdiHBe guard plates have
conprising: a flexible substrate having a surface with

& rovlioyey hpsiness of abeatt ShpregPtMe or nore col ors; and an
array of small, non-overlapping, printed resin

mat eri al guard plates including two or nore colors and
havi n@éemj orhaosmposit stelicmresifehdmat § and)@thar iacluding a clear
predet eLm ned patter ver a substantial portion of
rbecr fike Georeprbe dandhis swestraipaniiliy el Bliitets of

the guard plates blend in with the colored pattern of

the substrate. 19. The conposite structure of claim18
wher ei27. at Thaeempesite sifuctyre of giaior b} athereinthveegypug plates have
mﬁdt@s behmeen near est - nei ghbor guard plates that are
RS ?ﬁgl about the |l engths of the major dinensions of
the guard plates. 20. The conposite structure of claim

19 wherein gap w dths between adjacent guard plates. is
gener &8y UhRG SHRPODIE Strpelirg é\frﬁgegm b whpirdn ﬂ?‘?egwg plates are
q*ﬁﬂépé%gdwmgrein the m nor dinensions of the guard

plates are | ess than about 200 mls. 22. The conposite
structure of claim 18 wherein gap w dt hs between

adj acent guard plates is gener.all. iform .23. The
conmodht o s PSR S at Ehe of gt ates
dbV@tsdr@Ben aboitns %9 uad dbphides odiilke btssratddan about 200
mls. 24. The conposite structure of claim 18 wherein

the guard pl ates have a major dinension to mnor

di mengjyon aﬁ&e&hnulé@stiﬂe%tﬁ%{%@ O RRRAULS Whefkth theZdlorkdSattern is
conposite structure of claim 18 wherein the guard
plcatesflage @attern.

31. The composite structure of claim 18 wherein gap widths between
nearest-neighbor guard plates are between about 30 mils and 60 mils, the minor
dimensions of the guard plates are between about 60 mils and 100 mils, a
thickness of the guard plates is between about 5 mils and 30 mils, and the guard

plates have a hardness greater than about Shore D 50.

32. The composite structure of claim 31 wherein the colored pattern is

a camouflage pattern.

33. The composite structure of claim 32 wherein gap widths between

adjacent guard plates are generally uniform.
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a m ni num hardness of about Shore D1 QO 26. The
conposite structure of claim 18 and further including
W@ 2eBaea9spol yner film between the flexi bl e subBCT/HSM08/054898
and the guard plates. 27. The conposite structure of
claim 18 wherein the guard plates have a matte finish.
28. The conposite structure of claim 18 wherein the
guard pl ates, are flape.retardant.. 29. The conposite .
ot ructlre oS PamRPSE fahEr ST el et BETaales include
betruRanigheule-adninaing mixekihl 50% of the substrate. 30.
The conposite structure of claim 18 wherein the
colored pattern is a canouflage pattern. 31. The
conposite structure of claim18 wherein gap w dths
bet ween near est - nei ghbor guard pl ates are between
about 30 mls and 60 mls, the mnor dinensions of the
guard plates are between about 60 mls and 100 nmils, a
thi ckness of the guard plates is between about 5 mls
and 30 mls, and the guard plates have a hardness
greater than about Shore D 50. 32. The conposite
structure of claim 31 wherein the colored pattern is a
canouf | age pattern. 33. The conposite structure of
cl aim 32 wherein gap w dths between adj acent guard
pl ates are generally uniform 34. The conposite fabric
of claim 18 wherein the guard plates include infrared
si gnat ur e- enhanci ng materi al .
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