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PUNCTURE, PI ERCE, AND CUT RESI STANT FABRI C 5 FI ELD OF
THE I NVENTI ON This invention relates generally to a puncture, pierce, and
cut resistant fabric. Mre particularly, this invention relates to a fabric
consisting of an array of loosely interconnected solid objects formng a
flexi bl e webygyyslsgRke for use in garnents, such as gloves apgdrRiddior30
garnments worn in a nedical, dental; or other 10 ‘environnment where sharp

i nstruments are preval ent and body arnor garnents worn to resist piercing
by bullets and piercing and cutting by knives. BACKGROUND OF THE | NVENTI ON
Wth the preval ence of AIDS it has becone increasingly clear that there is
a strong need for nateria Wi | during

medi cal 15 and dent al éﬁﬁ u#v@ﬁﬁ&@héﬁﬁfﬁ§§@ﬁﬁﬁgﬂFééﬁ§Snnel to
sharp objects such as scalpels, needles for suturing and for injecting
fluids, and drills for dental and orthopedi c procedures. Al though, AIDS has
been t he prinBIQ'force behi nd t he sk ! R ElON N fron1b|ood bor ne

infections, there is a u nf ec . S ol a
infections are just t %?veng F?"Ea}q%ssgeg?m%? TSUS ’Ip‘e%‘l'e ?‘%Pgm l? bl ood
borne infections. fairich Mm:pamcﬂuﬂﬁam11wenﬁmmmttoamrzlcmoﬁﬁsﬁmwdﬁm}t has
al so becone increasingly. clear that there is a stron,% need for. effective

1

and user conf ort al9f looselyintereornected) S‘Plé%‘i"l%?c%@d?mﬁ dlexiblggweh aitgble for use ig
proj ect 1 es. Surglgeahentd Qthths Bldved A diicyRindls Ain 8 HeAIERY HEntBIbYSIRE ©

material to act 2 arrier to actertal transm ssion
bet ween t he pat@ erenvmnhanhwhexalshargmsa'nmeﬂma;emﬂ@lm&td bpdy@rméd garmente from a

thin layer of latex. Latex sur aln a very high
level of tactile SHMIHH erawa%éig%&aeﬁ*ﬁfgns ﬁﬁ’ bfe B kIS Dot *a e
easily cut by a scal pel or piep YINI OF Ed BENTEOHN| e. 30 Body
arnor is fabricated of non-porous and therefore non- breathj ng material s

such as Kevlar or SpectWilh thypeeyalenge of ARSIt hashecome,ipersasingly learhat there
stoppi ng body pi eré%%%g:f%rx@éfﬁﬁ ilafetialsThf il Sed blrfthite aftilut! BGideShaldivg at

resisting
PCT/ US98/ 1073915 and dental procedures, which generally expose personnel to sharp objects such as
scalpels, needles for suturing and for injecting fluids, and drills for dental and

orthopedic procedures. Although, AIDS has been the primary force behind the

.

search for protection from blood borne infections, there is a host of such
infections. Hepatitis and the Ebola infections are just two more examples of
20 serious life threatening blood borne infections.

With rising numbers of gun shot and knife wounds, it has also become
increasingly clear that there is a strong need for effective and user comfortable
body armor to resist body piercing and/or cutting projectiles.

Surgical gloves are fabricated of an elastomeric polymeric material to act

25 as a barrier to fluid flow and bacterial transmission between the patient and the
care giver. They are most generally made from a thin layer of latex. Latex
gloves allow the surgeon to retain a very high level of tactile sensitivity and ease
of finger manipulation, but are easily cut by a scalpel or pierced or punctured by
a needle.

30 Body armor is fabricated of non-porous and, therefore, non-breathing
materials such as Kevlar or Spectra. Thesc materials have proven effective at

stopping body piercing projectiles, such as bullets, but ineffective at resisting



2 knife wounds. Currently avail abl e body arnor suffers fromthe additional

drawback that it is often not worn due to the inability of such nmaterials

to all ow perspiration to be evaporated fromthe wearer's skin. There have

been nunerous attenpts to fabricate garnents such as 5 surgical gloves that
are cut, pierce, and puncture resistant and yet retain characteristics

necessary t.owp%)‘s?rlgn delicate surgical procedures. In parti ?Ejrl%ﬁ%mﬁ%h a
al'T'ow™th

gl ove nust e wearer to feel the surface‘on which he or she I's
wor ki ng. In other words, it nust preserve tactile sensitivity. The gl ove
must al so be stretchabl e, bendable, and tw Stable. It is useful that it

al so be elastic s 0 that .once, stret bent ' it gl ove
returns to its or ’KgiHOURYFHTER 3" a}b‘fc?ﬁogiy&ﬁ-‘ﬁ&esrugg{slf{/o%t}tg‘égﬁhg{)@ gl ove has
al | of these propedvtack tHRkE aPdftchhot Woadietty thefinability afshch uidrialsao allow

resi stance. Various approaches have been tried fo provide the surgical

glove with today' perspuatiandp be eyapqrateddiem thegyearssss skitk o ce, and puncture
resistance. For 1 5 ex%‘ﬂ?ﬂeﬁmv%egip nﬁgltepdﬁgﬁ&gnrptgqg -é{%ﬂ&éﬁicgasl ssued May

10, 1988 reinforces a surgica ove Wt overlay of thin pliable
mat eri al conposed sofgical glavepthatiandant, miéree,iagth pinctireitesistantand yet tetais or

filaments of high strength. Wile this repqrtedl y.provides increased
resistance to penéﬁ?ré‘ftF‘gﬂfcs f’?ﬁ?ssﬁﬁ'rtﬁipﬁ%%n 8%?8?)?“\}&?04%{?‘:?‘@6“1 g’bﬁfﬁ%'ﬁarf aced
wi th bl ood borne isadiesslot@mustidliow thawesbr thdeel the@adactPn which hd 6 sHéisch,
I ssued May 30, 1989 incorporates a web of interwoven synthetic fibers such

as nyl on and ar aniwprkingpiathereverdit sk presesve tagtile sensitisityn dbe gloye mysle to t he
i nherent porosity of ' f . ' 3
patent No. 4. 364 @5p Hedet G beldsbfl Sl iABIE PR G MR Bt
of f er punct ur e10 e3ha bacesretched, bent, octwisted; shesdlavecetunSitorilebrigisgls a woven
fabric placed at high risk : areas of the glove sugch_.as portions of the
fingers. A woven & $‘Ea‘}ﬂ“e§i’ﬁt“§“’f=ﬁ§u§bﬁ¥gil%?’&lPYFEtEaIﬁ 053}"{@ PRETHES | pe able
to penetrate the faaQs &e?%cfs&@%fhmna@wt&%&esm&&r med by the intersecting
fibers. U S. Patent . 5,070,540, to Bettcher, issued Decenmber 10, 1991

provi des cut resist ancé/mph@mqﬁsé@"hpe%tﬁ%d tapaovideshe surgical giave with
Ut port o pr ovi ddoEt dE R theuk Bheibr ol oI BB RRET B
flexibility of13 hexghplecl.SaPatentdvo. dc242i578to Seidpissued Maygkdy h988UeidforBastaent  No.
surgical glove with an overlay of thin pliable material composed of a large
number of tightly interlaced fibers or filaments of high strength. While this
reportedly provides increased resistance to penetration, the margin of safety is
far too low when faced with blood borne infections. U.S. Patent No. 4,833,733,

20 to Welch, issued May 30, 1989 incorporates a web of interwoven synthetic fibers

such as nylon and aramid to provide some level of cut resistance, but due to the
inherent porosity of the weave, it offers no puncture resistance. U.S. Patent No.
4,864,661, to Gimbel, issued September 12, 1989 purports to offer puncture
resistance, but not cut resistance. Gimbel uses a woven fabric placed at high risk
25 areas of the glove such as portions of the fingers. A woven fabric presents the
possibility that a needle will be able to penetrate the fabric through the interstices
formed by the intersecting fibers. U.S. Patent No. 5,070,540, to Bettcher, issued
December 10, 1991 provides cut resistance using bundles of wire and fiber
strands. The strands are situated throughout the entire glove. Bettcher does not
30 purport to provide puncture resistance. The wire and fiber strands limit

flexibility of the glove, a major requirement of a surgeon. U.S. Patent No.
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PCT/ US98/ 10739 3 5,317,759, to Pierce, issued June 7, 1994 is a glove with
pillars extendi ng perpendicular to the plane of the gl ove between outer and
interior glove layers of a latex type material. The pillars reduce the
chance of a suture needle piercing the glove, since, as the suture angles
through the okoy@ss7is will nost likely 5 contact a pillar. ThepuSdsAde
design suffers fromthe inability to stop a hypddernic needl e piercing the
glove at an angle close to perpendicular to ghe plane of the glove
material. It also is not cut resistant and the rigid enbedded pillars
substantial ly redusgifl76%it0plerdeyissiiedUiife ﬂ'l@y‘hsalél&em brs¥Rtending 68, 930,
to Sanples, issued Novenber 29, 1994 is an el astoneric Sheet mateFial with
10 enhanced punct perpendiesilartte thelane ol thedsbovei betwdea onter and iaterior glop¢ layersiof ke

non- elastonerlc p uf ers fro | ea

defi ci enci es. | gfa&]% Jyﬁé{nagéggtzfﬂ%ﬁ?iatrﬁ t{le ‘&*é“&“‘p?f?t é'i""?rﬂ Zﬁetlﬂgrcw& eri al
very stiff. U. S Pﬂk@tﬁvebkincéaﬂﬁ@s&&&an@l@sﬁ@wgﬂthéglswdtv@mrmésthﬁel 1995 is
simlar to the Sarrpl es material,. It has flat plates oriented arafllel to

the el ast oneri c gl W%P@Warh‘éﬁh’viﬁemmﬁe@m etlﬂ%bﬂg‘ﬂfé%émﬁﬂt erial. This
has t he unfortunat E%En@édl@@:{)f}%th%ﬁvé&' faB felcifde £ Bke ot &W The

glove as a result becones infle I'le t have enpt s
to make a cut prooplane ofthe glove materigl. dbﬂseun@tmalres;ﬁmandﬂhe‘ggichémmdﬂedl to

meet the uni que conhi natjgn of chara ti ui.red. b e | cal
process. 20 nJﬂ h‘%ﬁn@'hyﬁ%? e’&ﬁié’@g@ﬁ% § ﬁ@gf}té‘& é\%g’gl—”@éﬁ’t ain
patented gl oves anSarﬂi)l@é/stﬁ&iNbveﬁiber bhawe4 ib’oﬁﬁ%la@f&ibri%tsh@iﬁia&rfapwﬁm ve the
maj or need of an effective and reliable barrier nmaterjal to body fl uid

transmi ssion bdfwetihantrd pyaeiraresistances Imbardded e m@?ﬂﬂbm@me'hmon-t hi s
need must be met whblg, 164, PEhid £ Hﬁwsﬁfoﬂﬁﬁgaspﬁﬁ defi i%B&EA t1¥

carry on his or her task of surgery, raw n 5 "ot er
such activity. Eachoteht proef andrtheemquded/phateabdake giemmenablveﬂyanfﬂ (US IPaitekt | al

| acks one or nore C ffe e rgi cal
b:(r:riser The prope&ﬁ eé&‘ﬂg ﬁ)d(éoul o suE Lﬁé?%}@é‘m )to %w‘g glnd
pi erce resistance, maRial |IEKds!Hat blatés oﬁéﬁtecbﬁ‘diﬁ!?él’td thé ¥lastombrit plovt ffateial dhd (|6

elasticity, (7) stretchability lity to maintain the user's tacti

sensitivity, 3@5antmpesidedinthe E‘Q(‘,’? WB’“B’& r Phighasithe Mf%m%ﬁ%wwﬁ%hlsﬂ

fluids. reinforcing rods in cement. The glove as a result becomes inflexible. While

)
e

there have been other attempts to make a cut proof or a puncture proof surgical
glove, they also fail to meet the unique combination of characteristics required
by the surgical process.

20 As pointed out in this section by the review of certain patented gloves
and glove material, there have been attempts to solve the major.need of an
effective and reliable barrier material to body fluid transmission between the
health professional and the patient. Yet, this need must be met while
maintaining the health professional's ability to carry on his or her task of surgery,

25 drawing bodily fluids, or other such activity. Each of the currently available
gloves or barrier material lacks one or more of the necessary properties for an
effective surgical barrier. The properties include: (1) cut resistance, (2) puncture
and pierce resistance, (3) flexibility, (4) bendability, (5) twistability, (6)
elasticity, (7) stretchability, (8) ability to maintain the user’s tactile sensitivity,

30 and (9) an effective barrier to transmission of body fluids.
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PCT/ US98110739 4 The object of this invention is to provide an effective
cut, pierce, and puncture resistant barrier, for use in conjunction with
conventional fluid barrier materials, that has all of the necessary
properties for use in the nmedical, dental, and other fields where the
transm ssi onwefegRpdy flui ds between the care-giver 5 and the-ajekRdrse MUSt
be elimnated. It is a further object of this invention to provide an :
effective cut, pierce and puncture resistanty barrier to body piercing
projectiles, such as bullets and knives, conbined wwth the ability of the
barrier to allow the e |

SUMMARY OF THE | NVENTI Eﬁgﬁﬁ& %%lgfr‘t"gﬁ Hgg@%f%rgggfﬁf ﬁ@éec?]'? ¢ gﬁnp,ef]& e egoi ng
obj ect and ot her pbp@unesesisnmtbmntfagss imcanjunction wish conyveptional Sluigbagtiera

fabric of a cut, ure resistant. ter

retains the neces%’%gﬁggﬁs e‘fﬁ"%ﬂ?‘ﬁ}m B}tﬂ’el”i?%wa?%emal
stretchability, twh&bmet ﬁélas/wméﬂwtm&mmsw obHo@fﬂtﬁdsf‘tﬂ?fw&‘n tho esrelpive 5

coupl ed solid objects held together to forma two di nensi onal sheet of
fabric. One form &nd theipatiensippustle ¢limigated.at el et as shown in Figures 2A

t hrough 2F. Ot her for e | I ldel &lﬁ& I evi ng
the properties of then?talgrgl C aeklgbjgér}eo?géscrlé@ec@tﬁgﬁoeld;?a&% er JUQsPl%tEél.'on
entitled, "Detail eddﬁmmrrbpéslstmt barritihte bladpfuermngbr@etﬂdds isach a8 bulléﬁ and

The base of each platelet |s. a.ye fer Vi t hi ck ess ch |l ess
than its outer %E'Wﬁ Gﬁg‘bmfﬁé?"%ltg%/%l?‘ﬁ ebaEbeﬁil%‘B’g*{ ErPOREY Y "End
strong materi al t%grelrg peRpirktiont t | €. The material type and its thickness
will differ for body arnor” and ot her uses deend| n upon the level of force
that nmust be rHkisted. In one enBdMM QQODn, the width of the
tab is less than 25 th

Anot her aspect of the ?‘r’f\(}g fggﬂa{es&&%nﬁg?%l {lt}l@wﬁfﬁﬁe&gﬁd%ﬁe‘%&%

al t hough ot her equad a&vad@emémmmaihvyl;irbvxs;loaofaﬁibnbbfanutapmmeiatdlmm&mberi C.

In a prgferrﬁd Enblr%gsl ”E”tagqr@fhf‘q%%&m i ﬂf}:lgﬁgryrt of .t ﬁé%%égketfanﬂ
are used to hoo of the
platel et 30 edges béﬁ&bllﬂ?%tr@fchﬂﬂh@cﬂﬁ?,taﬁih@t&h%h&xdl@%%)hrﬂaslbflcfe@él?eCt- The

tab extends from
15 coupled solid objects held together to form a two dimensional sheet of fabric.

One form of solid object is a platelet as shown in Figures 2A through 2F.
Other forms of solid objects are also efficacious for achieving the properties of
the fabric and are described herein under the section entitled, “Detailed
Description of the Preferred Embodiments”

20 The base of each platelet is a very thin wafer having a thickness much
less than its outer dimensions. The platelets are constructed of a hard and strong
material that is not brittle. The material type and its thickness will differ for
body armor and other uses depending upon the level of force that must be
resisted. In one embodiment of the invention, the width of the tab is less than

25 the length of the edge of the base of the platelet.

Another aspect of the invention is a platelet with four equal sides,
although other equal sided polygons will also result in a suitable fabric.

In a preferred embodiment, tabs are an integral part of the platelet and are
used to hook the platelets together. The tabs extend from each of the platelet

30 edges and tabs of adjacent platelets loosely interconnect. The tab extends from
the edge of the base of the platelet in the same plane as the base of the platelet.



the edge of the base of the platelet in the sane plane as the base of the
pl at el et . WO 98153715

PCT/ US98/ 10739 At the-end of the tab distal fromthe base of the platelet,
the tab termnates in a hook extending away fromthe plane of the base of
the platelet. To provide a fabric suitable for econom c manufacturability,
all of the p are identical and they have integral t | ng
from each edg‘?’g’%ﬁ@@’ t he base of each platel et. ‘However, thﬁ{lse%gée}ﬁ?gu :
i nvention can be practiced using a platel et gﬂavi ng tabs that are separate
fromthe base of the platelet. In such a case, the tabs are interconnected
to the edges of th e | ony.ent |

means. The tabs m@tt@%é@%ﬁlﬁ%%f&@&%%%t@#eﬁg éseeg’?gr%téelagg%e& ot lé{egpg% el et
in a flexible or hook@k@ndingaeay frodaithdplusy oflibesbass of ths plamdetl0 appl i cati on.

I n accordance with another aspect of { Lnvention, a_plural.ity,of rivets
are inserted into an ap ErBY'é?a&ih"Eﬁ“ﬁ"’g’?? FM°WTW$%‘F@‘?‘&!E¥H%%8{@8 t abs
of adjacent platel Iﬁﬁtéllets-E?t?idEhtY&I ndhéy a3 Siti sl talls Rpédddy frA Gheh ddge b€

pl ane of the fabri'c. I'n one enbodinerit the rivets conpletely cover the void
surrounded by 15 thtbaserof eachalatelet dibweybs thereshuattineentipn candyel pragtised usingbr i ¢

a5 5 hypoder i ¢ neARIRELe biyite B89 By e Rih bR oPhEETIE, RRkuER S "
platelets are hel %a&@@étﬁwm\&:ﬁé}c@ma&@ﬁitﬁmgeﬁoﬂm biisef theglateldt l%paﬁyhe

platelets or to rivets interposed through the 20 plane of the fabric. In
this enbodi nent, tidasgeaveptionahweassThe tabs may b comnected tathggdessof thebassat ed

dependi ng upon the, 1&{&&&@&&%@99& "mRBO HniBRber bbdiSuitstRE i ¢ 1S
assenbl ed by connecting the hooks of the tabs of each platelet to the hooks
of the tabs of 1&djappleatiopl at el ets, which adj acent platelets have the plane
of its base rotated 180 _degrees abhout an axi .parallel.,tq. and.through

t he pl ane of the adj acgﬁtac "%’18? &%%‘ﬁ%’ﬁ%ﬁ?ﬁ?é‘gﬁ}"&?’gf°&a? lr‘lmgi %ogrwe of
plhat el e]E s that drrak@e uﬁex}témml‘oadaraipemige,swmaeisrfmh b@fthd% ih&eré?becéém&r efed from
those of its adjacent platelets., That isg, t top.o ach, adj ace pl at el et
is flipped over scﬁdﬁﬁ’a’ﬁﬁlﬁ%‘cﬁsogh?§V?t&éﬁcﬁﬁseﬁﬁiﬁai‘}%‘? f?fthilbi.an $abric
created is an arr ay,havinife RnBbiBhEmYtivis EARPletdy RVERhE il BambdiRePbpt €l et s

with tops down in
15 the interconnected tabs so that a virtually solid fabric is created, which blocks the

XD

path of a puncturing or piercing object such as a hypodermic needle, suture, or
bullet.

In another embodiment, the platelets are held together with an
elastomeric material bonded to the platelets or to rivets interposed through the

20 plane of the fabric. In this embodiment, the hooks on the distal ends of the tabs
may be eliminated depending upon the application.

In another embodiment, the fabric is assembled by connecting the hooks
of the tabs of each platelet to the hooks of the tabs of adjacent platelets, which
adjacent platelets have the plane of its base rotated 180 degrees about an axis

25 parallel to and through the plane of the adjacent platelet. Thus, every platelet in
the array of platelets that make up the fabric has the hooks of its tabs reversed
from those of its adjacent platelets. That is, the top of each adj acent platelet is
flipped over so that the top is facing down instead of up. The fabric created is an
array having platelets with tops up alternating the platelets with tops down in

30 both rows and columns.



30 both rows and col ums. WD 98/ 53715

PCT/ US98/ 10739 6 A fabric conprising platelets not having hooks referred to
as planar platelets, is assenbled in the sane nmanner as set forth above,
except the hooked connection between planar platelets 1s absent and
reliance is placed upon elastoneric material affixed to the rivets or the

pl anar pl at elygd 943970l d the 5 |oosely interconnected plat ; her.
To avoi d overstret chi ng of the fabric where reliance is pl agiég}/ﬁ%%ﬁgﬁ%e

el astonmeric material to hold the fabric togeéher rat her than the hooks, a
means for limting the degree of stretch is enployed. if the fabric

Orerstrotahi g may. al sodBRSRER RE pRTH: hottefing B0 RREA Bl ok opey

Overstretching may al so cause e di spl aced
out of 10 positi oplateletuyistdssmblaiiatheyame niamer lsetforth abdvel edceptithe gpksd r et ch

are avail able. A non-stretchable f!%}'lt)ﬂ?r may ﬁg affixed tg the el astoneric
fabric in such a V\W"?‘H’&P tiveeR Blapappiatelels iy, f‘?t@{‘éFFg’G“"sec‘éP ced ypons i per has
sl ack. As the fabrdigstbierid hatfill afixeli 1o thR!rfels or thel UHRAPpERIANE hgtdﬂllge end

poi nt where no nore slack exists, further stretch is prevente
Usi ng t he el ast dnelopselyrintarednnectedplateletatogathert Thavoidioversiretchingipithe fabgn Wi t h

a neans for limti he. amount of stretgh. allows far truction of a
fabric using soli d&georjééegltag&g ﬁleafe‘{‘l}?é)ﬁ t%i eg?%?rg?nscwt%a tt%ééig%l}f#%f/%ﬁog “sol i d
obj ects, referred rfathefthaf tiwitRoks, Winidanefon Sitritiy the de@best stretch iendploRANSF T Or

limting the amount of stretch affixed to the plates will provide a fabric
that is. suitable fif abyic qvemsiretches gapsmayibe ppsned between thgmlanarplptelsts.  f t he

appropriate str en%berﬁm%tﬁﬁgﬁﬁgﬁts(%&lﬁé tﬂe%iﬁ{g?i? ﬁ{lara%; SF%',et? gé dis edlbg.y]it 2

appropriate materials, this enbodinent 1s also s r surgic

gl oves. The fabPi cpositionfron: theiraperome. Several mesamsforlimitimgdireteh sicavailabihe®t of
pl at el ets havi ng tabs_,o ch,edge of the base.of the nlatelet for | oose 25
i nt er connecti on Ofnqnﬁséregﬁhgﬁg gngr,gaWe#EM?%ee&a%ﬁw TGI8 SAFhA Vaniet ¢

|l ayers forms a cutinalsifaptiérs unsttched statepthe fibBr 1k slatk. SAS the lBieicliodtretaned,i cat i on
of surgical or degt‘l?lélﬁclpves and ot her wearing apparel for use in an

operating room an fieken yp apd atdhe gdpaintwhers Rq mpresiack existsfutheron of
bodil'y fluids is rggunieprevéiidh,

15 Using the elastomeric material to allow stretchability in conjunction with
a means for limiting the amount of stretch, allows for construction of a fabric
using solid objects other than platelets with tabs. A layer of solid objects,
referred to as plates, with elastomeric material and a means for limiting the
amount of stretch affixed to the plates will provide a fabric that is suitable for

20 resisting the piercing force of a bullet if the appropriate strength and size
material is chosen for the plates. using appropriate materials, this embodiment is
also suitable for surgical gloves.

The fabric of the invention, comprising a two-dimensional sheet of
platelets having tabs on each edge of the base of the platelet for loose

25 interconnection of the platelets, when combined between two elastomeric layers
-forms a cut and puncture resistant material suitable for fabrication of surgical or
dental gloves and other wearing appare! for use in an operating room and for
other purposes where a barrier to transmission of bodily fluids is required, and
the risk of puncture or cuts is high. | '

30 The fabric of the invention, when manufactured of materials of suitable

strength and size, and worn on the body forms a cut, puncture, and pierce



the risk of puncture or cuts is high. 30 The fabric of the
I nvention, when manufactured of materials of suitable strength and size,

and worn on the body fornms a cut, puncture, and pierce WO 98/ 53715
PCT/ US98/ 10739 7 resistant fabric suitable for resisting the force of
certain ballistic projectiles and knives. Still other objects and

advant ages esent invention wll becone readily app ose
T Heilsokforls

skilled in I's art fromthe following detailed 5 description
illustrate the invention, the Detail ed Descgi ption of the Preferred
Enbodi ments shows and describes only the preferred enbodi nents of the
I nvention. However,.as wl.l bhe realized he invention i.s.capabl.e of
Todi 11 cati on i v E5gG sofble e sERhte RFuhe vheraB belIRHE PRefes And
i nvention. For exgpipbks, various pernutations of the fabric nay be

constructed using solid objects in the 10 formof platelets, planar
platelets, or plates. $HH othenphiectsend advantagesof theweesertdnyrption yill ecomen t hout

rivets. The tabs . ' | Akl g [ 4'”9%5(1 et specific
desi gn needs. The%ﬁf?@%%g%éo%g@ﬁ%%%%ﬁ%| p ee?aglﬁg‘ras of solid
obj ects or a siSngHesctiptyanr. . ToNllustrdtethe ddvedtiod) tedDeataited Ddseriptidn dfcheRrgfeined

i dentical or sonme_may differ. For. exanple, alterpate | rs of solid

obj ects may 15 pETPdimnis oy e gesiabes Rl tas Brefeed FmBATERD St < on

adj acent plates. jRehad Héwdves as WillBe feaNAUStha invehSorCid chsiibie SmddiféaibRt S,

rivets may be inserted into apertures at the center of the base edges of
pl ates. Accor di nginvarioneobieng respectanwitheutslepastingigemthpinventiony For example,
regarded as illus ' ' @QQ WA MAVA-IP | EE-

DESCRI PTI ON OF TH%%W’K@“%%%% #ﬁ%{}?eg&f’é{ﬁfﬁééda‘&%’[ rsgld‘éc thg“\‘/tuh%w of
the fabric of l0heformvefirilatelats, plampm phatdidls,ios phatesu The fabyic maydecoastruatedmging i ne

A-A of Figure 1A. Figure, 1C depic a_lar rray .of fabric._Fiqure 2Ais a
perspective view Bf’efgﬂé“@ ?J“t&vgftshé'ﬁﬁfagis magi’.e%ﬁ‘%ﬁ%flén pA= lnt °8n%%’r’§f?é‘§fq ve
view of the bott ofjeef spbtific Abagichdls. 2Phe fabric may bé SdtsBuctéd hsin@miltiple My&y Of

the top of a platelet. Figure 2D is a plan view of the bottom of a
pl at el et. of solid objects or a single layer. All the solid objects of the fabric may be

identical or some may differ. For example, alternate layers of solid objects may
15 be platelets with tabs that are inserted into slots on adjacent plates. Instead of
inserting rivets at the corners of platelets, rivets may be inserted into apertures at
the center of the base edges of plates. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature, and not as restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1A is a perspective view of the fabric of the invention.
Figure 1B is a cut-away side view along line A-A of Figure 1A.
Figuré 1C depicts a large array of fabric. _
Figure 2A is a perspective view of the top of the platelet.
Figure 2B is a perspective view of the bottom of the platelet.
25 Figure 2C is a plan view of the top of a platelet.
Figure 2D is a plan view of the bottom of a platelet.
Figure 2E is an elevation view of a platelet with the hooks down.
Figure 2F is an elevation view of a platelet with the hooks up.
Figure 3A is a plan view of one embodiment of a rivet.
30 Figure 3B is an elevation view of the rivet of Figure 3A.
Figure 3C is a perspective of the rivet of Figure 3A.



Figure 2E is an elevation view of a platelet with the hooks down. Figure 2F
Is an elevation view of a platelet wwth the hooks up. Figure 3Ais a plan

vi ew of one enbodi ment of a rivet. 30 Figure 3B is an el evation
view of the rivet of Figure 3A. Figure 3Cis a perspective of the rivet of
Fi gure 3A. WD 98/ 53715

PCT/ US98/ 107%b $ssavigure 3D is a perspective view of the riveieisokhgds e 3A
with one of the truncated cones separated. Figure 3E is an elevational view
of the rivet with one of the truncated cones separated. 5 Figure 3F
Is a plan view of the separated truncated cone shown in Figure 3D fromthe
truncated cone end. Fi I a
platelet. Figure 4B i s@g%ﬁ%ﬁﬂéégeﬁg%fﬁt%@g?ﬁggﬁ \ﬁgv&%}:‘lglt%ﬁg%%{ﬁt?gﬁ%}}tﬂéa

pl atel et. Figure B3rungated cones sepasatedi ew of a one di nensi onal chain of |oosely

&Eeri&?%e{jg??ggcf?geplﬁfl/feélg%)%éseﬁ év%ﬂ%%‘rﬁ&“’n‘ﬁ%e egﬁ"é&t t‘:&Bﬁtﬁfg‘?’?ﬂl fabric

into two pieces. FRofitdseplited.s a perspect|ve view of a segnment of the fabric

of the invention cut through the fabric pl ane normal to the fabric
along line A-A®f 15 Fi gew@%mani@gm‘ér%@qsgpm@mcatrércgp@ehwvem\ﬁlmof a
segnent of the faby g, fabric by a plane normal to the
fabric along a I|%; - &ﬁgﬂsgg‘”&i&\%th the truncated cone of one side of

the rivets cut off. Fi @ugtmeZYAlsmmlqrgaiperspem\mfoftﬁeetoﬁ af)aplatelem t hout ri vet S,

Surface afea. Figure 789 41 4R BOTEHD SV FHbe ot s PRARL. it

the platelets in a ful IFygué 5 & £duedwap Heldiffadink AlindtsioRall dhinBT bRkl sur f ace
area. Figure 8A is a perspective view of a surgical glove fabricated using

the fabric wi t’fpsé'étﬁc@m"ﬁlpiﬂ@ﬂﬁop | ayer of material cut-away to show the
fabric. Figure 6A is a plan view of the fabric, wherein dotted line A-A represents

an imaginary plane that cuts the fabric into two piecés.

Figure 6B is a perspective view of a segment of the fabric of the

invention cut through the fabric by a plane normal to the fabric along line A-A of
15 Figure 6A.

Figure 6C is another perspective view of a segment of the fabric cuf
through the fabric by a plane normal to the fabric along a line A-A of Figure 6A
with the truncated cone of one side of the rivets cut off.

Figure 7A is a plan view of the fabric, without rivets, with the platelets in

20 a fully compressed configuration with minimum surface area.

Figure 7B is a plan view of the fabric, without rivets, with the platelets in
a fully stretched configuration with the maximum surface area.

Figure 8A is a perspective view of a surgical glove fabricated using the
fabric with sections of the top layer of material cﬁt-away to show the fabric.

25 Figure 8B is an enlargement of the detail shown in the cut-away of
Figure 8A.

Figure 9A is a plan view of a line of platelets fully stretched.

Figure 9B is a plan view of a line of platelets fully compressed.

Figure 9C is a cross section of the line of platelets of Figure 9A.

30 Figure 9D is a cross section of the line of platelets of Figure 9B.

Figures 10A and B illustrate bendability of the fabric of the invention.



25 Figure 8B is an enlargenent of the detail shown in the cut-away
of Figure 8A. Figure 9A is a plan viewof a line of platelets fully
stretched. Figure 9B is a plan view of a line of platelets fully
conpressed. Figure 9Cis a cross section of the line of platelets of Figure

9A. 30 Figure 9D is a cross section of the Iine of platelets of
Figure 9B. -Rye4wss$n4OA and B illustrate bendabi I ity of the bapiises @t e
i nventi on. WO 98/ 53715

PCT/ US98/ 10739 9 Figure 11 shows the properfy of twistability of the fabric
of the invention. Figures 12A and B depict twistability of the invention
showi ng actual platele Is :

fabric with the tops oF%ultlé]e ri vet S %O%ﬁﬁggbg@/g{f@fa%ﬁﬁogﬁﬂtuﬁgﬁn@n.
apertures in a fully sFigaresH2d and ¥ depict swistabilitFofghe mvérBRnisbowinglagmal/i ew of
the fabric with riﬁ%s at dlffcﬁtfr@tg | ocations in the aperture with heads
that cover the ap8RfGrEmHMAHE 0 i gures 14A through F depict a

platelet with a head amkueé LA 8épict¥a Blbkie WithitRe RPHOthEERéts tdd BRI e6er Ve,
pl an, and si de views. Figure 15 illustrates the fabric of an

alternative emdMﬁthe@pemesmmﬁemSwmw#@umﬂs and plugs with the
rivets removed. Figureg: ihaw e\ﬁe&;*&?ﬁfegﬂic%ﬁlcm} t%Lf?e%di%dai{gnsm

enbodi ment of the inven eads and plugs wt erivets In
pl ace. Figure 17Athe&parnﬁmwmﬂﬁreaddﬂamtraoaentheamthmdnmhtcasn‘ the fabric in the

nost 15 conpressed con ur 0 v bev e on the t di st al
ends and between tabs, %M ‘FWBE’EFEH%V&% E’b i‘?%ﬂf“épi %‘g&?pective
view of the rivet a&anaeeuﬁsatmahmpmge&ﬁeqﬂmma@MI n Figure 17A
Figure 18 illustrates the alternative enbodinent fabric of Figure 17 in its

20 most stret cled conf Figuratd dustygtestibefabric pbansaltemative embaglimentofthesane as
Fi gure 18 except Em;mmﬁxfg}%&&ﬁrptlﬁégr%ﬁdﬂﬁeﬂl/étﬂe%%&e enbodi nent rivets

are inserted.

Figure 16 illustrates the fabric of the alternative embodiment of the
invention having heads and plugs with the rivets in place.
Figure 17A is a further alternative embodiment of the fabric in the most
15 compressed configuration having beveled edges on the tab distal ends and
between tabs, shown without rivets.
Figure 17B is a perspective view of the rivet to be used with the
embodiment shown in Figure 17A.
Figure 18 illustrates the alternative embodiment fabric of Figure 17 in its
20 most stretched configuration without rivets.
Figure 19 is the same as Figure 18 except that square pin portions of
alternative embodiment rivets are inserted.
Figure 20 shows the square plate rivet heads of the alternative
embodiment rivet in the fabric shown in Figure 17 in its compressed state.
25 Figure 21 depicts the fabric of Figure 20 in a fully stretched state with the
square plate rivet heads.
~ Figure 22 shows a portion of the fabric of the alternative embodiment
with the rivets in place in differing locations with the square plate rivet heads
fully covering the apertures.

30 Figure 23 depicts an alternative embodiment platelet with a planar hook.



Figure 20 shows the square plate rivet heads of the alternative enbodi nent
rivet in the fabric shown in Figure 17 in its conpressed state. 25

Figure 21 depicts the fabric of Figure 20 in a fully stretched state with
the square plate rivet heads. Figure 22 shows a portion of the fabric of
the alternative enbodinent with the rivets in place in differing |ocations

with the squgiggiRbAake rivet heads fully covering the apert urg§msahorse
Figure 23 depicts an alternative enbodi nent plat'elet with a planar hook.

WD 98/ 53715 1 PCT/ US98/ 10739
10 Figures 24A and 24B show a cut away el evation view of the invention

using the platelet wt % Dg “EHW | : Stk Sliginhed .
configurations, respec'?:i1 e yi.a | guzﬁg%géws%g&sm?ﬁg%gﬁgﬁﬁg/ act | %ﬁ n
facilitated by thasingulhepihelt oithehe glanar hook infheromgsesd&iamistre@B&l show

el evational views of an alternative enbodi ment of the fabric incorporating
alternate rivets KMiBYHNSTEIREGIYEincat ed cones. Figure 27A shows a

perspective view of thejhiyes sirfuathe benditgGdtibfadififatai sl 86 Bundchted cone.
Figure 27B is an elevational view of the rivet. Figure 28A illustrates a

further enbodi nent of {Higuresd6A endd6Brshowslevatenal vigws afamalicsmratived edge
bet ween tabs and heyel.ed di I | L ' WoleR
Figure 28B il l ust 4t (Sinrt;ei?eoftg%rfa}b%i%g?c%ggﬁaqn%aaﬂe@?ﬁ%@{vgﬁgxggxggﬁl{eggé‘a .%‘%ﬁ 15

Figure 29A is a plcenesyi ew of a planar platelet. Figure 29B is a side view
of a planar platelet. Figure 29C is a perspective view of a,.planar
platelet. Figure 30A i FSurpLZM S@‘?WEWPP&"% SAFW BF the riy °}3Pé‘%138{°§ 2644 4
conpressed confi gupabggn. 20 Figure 30B is a perspective view of a

sheet of planar platelets in a conpressed configuration.
10 Figure 27B is an elevational view of the rivet.

Figure 28A illustrates a further embodiment of the fabric with platelets
having a rounded edge between tabs and beveled distal tab ends in a compressed
configuration.

Figure 28B illustrates the fabric of 28A in a stretched configuration.

15 Figure 29A is a plan view of a planar platelet.

Figure 29B is a side view of a planar platelet.

Figure 29C is a perspective view of a planar platelet.

Figure 30A is a plan view of a sheet of planar platelets in 2 compressed
configuration.

20 Figure 30B is a perspective view of a sheet of planar platelets in a
compressed configuration. '

Figure 31A is a plan view of a sheet of planar platelets in a stretched
configuration.

Figure 31B is a perspective view of a sheet of planar platelets in a

25 stretched configuration.

Figure 32A is a plan view of two sheets of planar platelets arranged in a
stack in a compressed configuration.

Figure 32B is a perspective view of two sheets of planar platelets
arranged in a stack in a compressed configuration.

30 Figure 33A is a plan view of two sheets of planar platelets arranged in a

stack in a stretched configuration.



Figure 31A is a plan view of a sheet of planar platelets in a stretched
configuration. Figure 31 B is a perspective view of a sheet of planar
platelets in a 25 stretched configuration. Figure 32A is a plan view of
two sheets of planar platelets arranged in a stack in a conpressed
configuration. Figure 32B is a perspective view of two sheets of planar
platel ets arggigashskn a stack in a conpressed configurati on.pcddsoss10739
Figure 33Ais a plan view of two sheets of planar platelets arranged 1n a
stack in a stretched configuration. WO 98{ 53715

PCT/ US98/ 10739 11 Figure 33B is a perspective view of two sheets of planar

pl atel ets arranged in %i%#gp aisr'h&a%tg‘%tweq@&goﬁ%fsge Igfnélg&gpg%ﬂ&ge 34A is a

pl an vi ew of two sheets nar el ets arran wWith rivets
in a conprised comnfraggeddh astack i a stretched cénfiguratioR4B i s a perspective view of

two sheets of planar platel .arranged in a stac ith. rivets in
conpressed confi gurati gl‘ﬁ“r‘?:? fséli’-,l?ﬂl\g’ieg’ th?%eéiogﬁggpqlmle e‘ﬁ‘fl ¥l anar
pl atel et s arr angedebR withsivatskin Wicbidpfited@bhifigudationSt r et ched confi gurati on.
Figure 35B is a perspective view oF two sheets of planar platelets 10

arranged in a stack wi Figure 348 is 4 perspeetivestiometiwoshests of planas plateiety r e 36A i s
a cross-sectional i A . r platelets
arranged in a stac?&gégﬁgﬁﬁrraisvelfﬁ@#vg&(%%?@&%&g%ﬁ g%{rag’tion. Fi gure 36B
is a cross-sectional p@FigpessA wa plevicofofttwo sisdetsalf planir plhtelety arphgddeinat S
arranged in a stack with rivets in a'strgtched configuration. 15

Figure 37A is a faRFk®ithatyetsipastetelid nBedrds™ ol at el et s having a net of

el astoneric material affiqhwedss & 4 Respebiveiiew bfivk) shbdis bfipland praxias sed
configuration. Figure 3 Is a fabric constructed with planar platelets

having a net of0 elamsngrddn astagkwithiriyetsdn p stxetehed sonfigurgiomnar pl atelets in a
stretched configurati Ori-‘igure 36A is a cross-sectional perspective view of two sheets of planar

platelets arranged in a stack with rivets in a compressed configuration.
Figure 36B is a cross-sectional perspective view of two sheets of planar
platelets arranged in a stack with rivets in a stretched configuration,

15 Figure 37A is a fabric constructed with planar platelets having a net of
elastomeric material affixed to the planar platelets in a compressed
configuration.

Figure 37B is a fabric constructed with planar platelets having a net of
elastomeric material affixed to the planar platelets in a stretched configuration.

20 Figure 38A is a fabric constructed with planar platelets having a net of
elastomeric material affixed to the rivets in a compressed configuration.

Figure 38B is a fabric constructed with planar platelets having a net of
elastomeric material affixed to the rivets in a stretched configuration.
Figure 39 is a fabric constructed with planar platelets ha_ving nets of

25 elastomeric material affixed to both of the rivets’ heads and the surfaces of both
planar platelets facing the rivet heads.

Figure 40 illustrates a perspective view of sheets of plates with an
elastomeric membrane sandwiched between the sheets.
Figure 41 illustrates a cross-sectional perspective view of two sheets of

30 planar platelets arranged in a stack with rivets in a compressed configuration

having a membrane of elastomeric material affixed to the planar platelets.



20 Figure 38A is a fabric constructed with planar platelets having
a net of elastoneric material affixed to the rivets in a conpressed
configuration. Figure 38B is a fabric constructed with planar platelets
having a net of elastomeric material affixed to the rivets in a stretched
configuration. Fi gure 39 is a fabric constructed with planar platelets

havi ng nets glastomeric material affixed to both of tlguyd %ﬁ;,%
heads and t he sur?aces of both planar platelets facing the rivet hea
Figure 40 illustrates a perspective view of fheets of plates with an

el astoneri c nenbrane sandw ched between the Sheets. Figure 41 illustrates a
cross-sectional perspe ' ts, I l ets
arranged in a stack wt %th“r’ig% IRIMLS égsrf%%ges%ag%f‘?eal??a |51(§n aving a
menbr ane of el ast embodimentbithe ﬁbrlaﬁxﬁmgﬁﬁextmﬂebtmgmam tptainettahspins of WO
98/ 53715 PCT/ US98/ 10739
12 Figure 42 i |1 uSesEvt. 5 perspective cut-away view of an alternative
embodi ment of the fabripgusiffnisidied £HRGRESVS WM-FRAPIER of bR aliiiiftiel the pins
of each rivet. Figure 43g| | lustrates ‘a perspective cut-away view of an
alternative 5 ehbedibodimendof thhdabriglusing interconpertingmatonial e conngetitbe pinsaf to
connect the pins of eac vet an nnect | atel ets in each sheet.
DETAI LED DESCRI PTI ?ﬂt“ﬁﬁéﬁ“égﬁé %ﬂ%ﬁl‘fiﬂ#he fol |l ow ng description
of a cut, pierce, [16 B i IENXS ded to

enabl e any person skilled i the/értrfo nakefand'uselthérlor |nVe tion and
sets forth the best nodd€ @B?YPE%‘B?%F@EPW%W&NW&R%““F@FW?&FWE Bri%ut the
invention. Various ﬁ&glafelrs Hrd At to RANIY &y petoh skilIBAR the hR 86linhle ARNAL AY t O
those skilled in tﬂ rt, since the generlc principles of the present

i nvention havel®ednvention autisetssfosh the WRstguedss toentereplatsd by shegaventerdor caeryitigew of
an enbodi nent of th fabri resent inugn ure IBis a
cut - away side vi el Yh&%velnf%l)&ar}gusfnq@}%&pgs OW?’FE)U e %@lgéeﬁfi l(! gppaar?ngrge
array of the fabr |t6tlib§eﬂﬁﬂ&&in&ﬁdarﬂfmmé&Ie@eﬁérﬁ:plﬁmp!ﬂsbﬁﬂi&qir&iﬂlmédﬁohhﬂ r

bottons 22 up and their togs 21 up, and rivets
have been defined hcreln

Figure 1A deplcts a perspective view of an embodiment of the fabric 11
15 of the present invention. Figure 1B is a cut-away side view along line A-A of
Figure 1A. Figure 1C depicts a large array of the fabric 11 comprised of
platelets 12, alternately with their bottoms 22 up and their tops 21 up, and rivets
13. The fabric 11 is constructed of very thin rigid platelets 12 and rivets 13,
which are chosen to resist a puncture or piercing force equivalent to that exerted
20 by a hypodermic needle in a medical environment or certain ballistic projectiles
and knives. As can be seen from Figures 1A, B, and C and the other figures
illustrating the invention in this specification, there is no area of the fabric 11
that is not covered by either arivet 13 or a platelet 12, thereby, foreclosing the
penetration of a needle or other projectile striking the fabric 1 l.. Specifying a
25 material that will resist a needle puncture also results in a material that will resist
cuts from instruments encountered in a medical setting, such as scalpels. For
medical or dental applications, the fabric 11 of the invention is intended to be
sandwiched between an upper and lower layer 28 and 29 of material that acts as
a barrter to transmission of bodily fluids, as shown by the surgical glove in
30 Figure 8A. Figure 8B shows an enlargement of the detail of Figure 8A. An

example of such a material is an elastomeric polymer such as latex. It is not



13. The fabric 11 is constructed of very thinrigid platelets 12 and rivets
13, which are chosen to resist a puncture or piercing force equivalent to
that exerted 20 by a hypodermic needle in a nedical environment or certain
ballistic projectiles and knives. As can be seen fromFigures |A B, and C
and the other figures illustrating the invention in this specification,
there is no geekSfisthe fabric 11 that is not covered by ei tﬂﬁfvgﬁsﬁdﬂsﬁt 13
or a platelet 12, thereby, foreclosing the penetration of a needle or other
projectile striking the fabric 11. Specifyi g a 25 material that wll
resist a needle puncture also results in a nmaterial that will resist cuts

medi cal or dent al WSy Sl boft 5% 28 B a Tl deier, BMGLERR sepRlenBle O

medi cal or dental app Ions, 'S 1 ntended
to be sandw ched bigdteyefon ghwesip ppproxinatelyyOut millanyeters dBlessitick Owhith isethieki al

that acts as a barrier, to trapspssion,of bodily fluids, .as o} .the
surgical glove in engugh tp foxer .gh’@&f&l'gsnsmgf&ﬂwgr}?%wgﬁé% ﬂ?e @ﬁ%"
detail of Figure 8y} is@hdwiciER betwebn &fé%géf B I Ser MyetsD8Md 2D FFHAARIThA or
pol ynmer such as latex. It is not WO 98/ 53715

PCT/ US98/ 10739 13 mreatiackmenys toithesetlayersip plow the febriofieyuoemaninglbar ri er
although 1t s prejgra e-ﬁﬁ@% p:;'cgﬁ?tg hg{%%vé:ﬁerﬁefﬁa%ﬂﬂmtfi'iﬁ%e?;{eédgﬁt of

millimeters or |esS ThYEK, enoug 0 cover 't c 11

wi th an upper or |heRpperagdlowBlapérs 29 and P9, thedurfaceslt thesfabrinbnard teelsidest ween

t he upper and | ower_|layers 28 and 29 -with m ni mal or 5@FE ,a_tléachrrents to
ag’E’Fl

those |ayers to al 93¢ tmper aadjower lpyerg2 . °°f“i"1°td’f’ip‘ 9 To
further pronote frl‘ﬁﬁri&ﬂ?é{#mﬂtfo&fxaﬁlgfé, %ﬂmnbpriésilimﬁgaw@moﬁhcﬁdae. pper and
S

| oner layers 28 and 29, the surfac f the fabric 11 and the sides of the
upper and | owerd0| aassists tixsfabricil L fraelychend cstretoh and twis andaib decpuples the dabric

| ubricated with, fgor anpl e LLiGgone, ~dl. il Js . VES . tions.
It 10 assists theﬁ)?rﬁgﬁ(ﬁ ‘riggpﬁa“tdgmf’?rgl@fe? %se%{(?, ﬁs@r‘é&%ﬁ‘,@g}%ﬁ ﬁr\}é ngIatﬁ it
decoupl es t he f abringi-ddhering propeHip EWhitdditacloment of thedlileic’H tanik uipednndilowar ti ng
the fabric 11 with an anti-adhering property. Wile attach t of tH’e
fabric 11 to the uByas 28 aed 2% must be Xoital a minigRyp, a4a t e ¢ cuff, at the

oi nt on the-back SESPhEEfnYS £Uhe poiior HELERT U hahepl BlGR hint 1 I T
sl i ppage of thd5f gpalinpreventsslippaige of the fabinis 14 pelativectn the upper aniddgwerdayess 28
and 29. The fabric is a useful component in other medical wearing apparel such
as sleeves and aprons.

The fabric also has application for protective garments such as body
armor or for individuals working in occupations such as a machinist or butcher.

20 Garments for these other occupations as well as for applications in the medical
and dental fields will require differing material type and thickness and
dimensions of the platelets 12 and rivets 13, since the forces which come to bear
upon the material will vary. The material type and dimensions for body armor
will vary more drastically than for other applications, since the forces brought to

25 bear on the fabric are several orders of magnitude greater than in other
applications.

Even in the case of surgical gloves 42, the material sizes and type may
vary, since surgery and routine drawing of blood, for example, are performed
under different conditions. And, it may not be necessary to fortify the entire

30 glove 42 with the fabric 11. The fabric 11 may be placed strategically at only
high risk zones. The size of a platelet 12 for a medical glove 42 application



and 29. The fabric is a useful conponent in other nedical wearing apparel
such as sl eeves and aprons. The fabric also has application for protective
garnments such as body arnor or for individuals working in occupations such
as a machinist or butcher. 20 Garnents for these other occupations as well
as for applications in the nedical and dental fields will require differing
material ty. I ckness and di nensions of the platelets Lyets
13, since tﬁgnﬁgg%ég whi ch cone to-bear upon the material w'l "3%99ﬁ&¥he.
material type and di nensions for body arnor mﬁll vary nore drastically than
for other applications, since the forces br&ught to 25 bear on the fabric
are several orders Qo ni tude areater th ' el ' I en in
t he case of surgi cvgfuf]%g%%’é’éo ’2‘5’,&& SERELEY 1A lm{sepe?ce)fé&adél ‘?g’lp&eﬁﬁln%}f%\?/gﬁ?g si nce
surgery and rout i neadi3Risi apgroximdrtlg O miltineesanpl e, are perforned under
different conditions. And, it may not be necessary to fortif; the. entire 30

glove 42 with the fabr'iTE,hefi‘?ﬁeﬂféh‘?%fﬁe%mie‘!‘t‘°ﬁﬂ§ﬂ°6éeﬁﬂnﬁﬁréd?§? spesiccal |y at
only high risk 20 icrie] %e%r%lﬁn&fsioﬁsﬁhﬁtfﬁirﬁtis ScalehiBNe t&nidBicthé Midel} P fing 2
application WO 98/ 53715

PCT/ US98/ 10739 3.4 useatodvHich i ppay bz ipnt Tt phaicecofanpterials and| dimensions areThe

di ameter of the riyet 13 and head,.33. 1S roximately 0. 7. mllinpeters. The
fabric of the pr esfigﬂ?ndleﬂ'\)‘g’ﬁfliﬂbenaplpgc%(% a@%ﬁ%ﬁ‘“ﬁ@%ﬁyé"‘éﬁ‘sg P#llncenr!rlﬁt erial
type or di nensi ongalchfaionsabri c i s scal eable to neet the widely varying 5
uses to which it may be put. The choirce of material s and di nensions are

put . .
dependent upon the applTheaigidmaterial for wapfactyning the platelpfs |24 teetsliSneer i ng

cal cul ati ons The 1dygfhyTRaAk0iRbs SR ind R A6 ThRthakdif) Bhlesh8bedch AN

rivets 13 is currently "aval e as o e-she goods. The material can
be nmetal (suchl@s stinlesststichbretitanismyahetalralloys, esramiv) plastist (sbchads Teflon, Kevtaxni c,

pl astic (such as Tefl on,. Keyl ar spectra). high strength_.conposite
materials (such agrggercga}aﬁ}g\ﬁﬁgrpn%ﬁc Bgsgtemlsﬂflgzzx)a,s | er(r)$l$ Smateri al
that resists the appbiitey oPatiicdthéronaterial Ktk Rgistsaispetified pandnire gRércing, t he

chosen thickness necessary to achieve the characteristics L
and cutting Torces at the chosen thickness necessary to achieve the characteristics

desired for the application. Any material should preferably not be brittle.
15 The process of assembling the rivets 13 and platelets 12 into the fabric 11
is performed by currently available production technology.

Figures 2A through 2F are various views and orientations of an
embodiment of a platelet 12, the basic building block of the fabric 11. Figure 2A
is a top perspective view of the platelet 12. Figure 2B is a bottom perspective

20 view. Figure 2C is a top plan view and Figure 2D is a bottom plan view.
Figures 2E and 2F are side views of the platelet 12, respectively. Figures 2A
through F depict the platelet as having an integral tab 15 (as more definitively
shown in Figure 4). However, other embodiments of the invention have tabs as a
separate part of the platelet. Such tabs are connected to the base (as more

25 definitively shown in Figure 4) of the platelet by any suitable means.

Figures 3A through 3D are views of an embodiment of a rivet 13, the
only other building block of the fabric 11. Figure 3A is a top view of the rivet
13, which consists of a pin 23 and two truncated cone heads 24 at each end of the
pin 23. Figure 3F shows where the top of the pin 23 of the rivet 13 is connected

30 as a circle concentric with the top of the truncated cone head 24. One method of
assembling fabric 11 employs a rivet 13 with one of the truncated cone heads 24



desired for the application. Any material should preferably not be brittle.
15 The process of assenbling the rivets 13 and platelets 12 into the
fabric 11 is performed by currently available production technol ogy.

Fi gures 2A through 2F are various views and orientations of an enbodi nment
of a platelet 12, the basic building block of the fabric 11. Figure 2Ais a
top perspect | | of the platelet 12. Figure 2B is a bott tive
20 view. Figﬁﬁ§&§§3?s a top plan view and Figure 2D is a bgﬁg%%?%ﬁgﬁgvieWL
Figures 2E and 2F are side views of the plagﬁlet 12, respectively. Figures
2A through F depict the platelet as having integral tab 15 (as nore

definitively shown in Figure.4). wever. Q oqi Lof th
i nventi on have tabsgp%{gteg%?gbtgfétv L5581 S SWtIﬁ&lglegpg’lfe::{% gmtpﬁ%%tﬂtog gﬁg? e
connected to the kAfkatedsondtieads 4 reshaining dtiavisdyis iiserted thyough dieraperfjre @6, t he

pl atel et by any suitable_peans. Figqures 3A through 3D are vje of an
enmbodi nment " of a rishawnimFigures 747nd 78, Hutil fHrther gaay; WPH&R”W*W\Q‘FEFQME“ 11.

Figure 3Ais a tOF{H}H i i hurfcRidd eSrichedd 22 iPfubedioht@nd two
truncated cone hea scggag{meteﬂalg%ﬁeﬁtg%%%%e pin 23. Figure 3Flshovvs wher e
the top of the i rnheathef endd the pimt231ly weldingonserneoth@(praeess circl e

concentric wth the top..of t t cated caone head 24. .ne t ho
assenbling fabric 11 eﬁﬁg‘b‘ﬁ%mg a?‘ls %’te“iaggﬁ‘flﬁw%ﬂtgmgfe n#’ﬁgm%ern ﬁﬁ%%@gfélegg%e
heads 24 WO 98/ifigstdate the nomenclature used to identify the various portions of the platelet

PCT/ US98/ 10739 15 separated fromthe:rivet 13, as shown jn Fi gture 3D. A pin
23 with one of thel% rkhediauess alsosebitaily sstoblishdhe.unanddoxm direqtion 105 PRIRRISSt e d

through the aperttgﬁi&gﬁé AUs bfke ggﬁgxﬁsf‘i%egaﬁgizgie&#'@thét lfltdﬂﬁ'i"ci]émé/e”ent

I's stopped by the atta truncated cone and the separate
truncat ed conelbeatB 34 view bithedotiorn @2%f platedetd2h dihe ered withint the dpited 1@:s fis/

wel di ng or sone ot hgr process, Figures 4A a enl ed,vi ews_. of e
enbodi nent of a pI'&wteglegtm ?2‘,?‘3 P?ﬁedgpf g'{eé’?*ftﬂgpﬁo%cqai"t ﬂi{ga éaéla‘rflgfalcﬁeﬂ%fy
the various porti opstiéds dfiae plhtelet] 2depbrdind Fromfd flateREbatk 8dzeal i ket I 5.

establish the up and down direction for purposes of discussion_ in this
speci fication. Fi gthedalAS pertignis moyesieatly andientedin Figyge 48 by the pagtiomed j s 5

view of Lhe ot orkia.oh blaekts HeallerHESA Y Bkl dthath 4 nes 1

surface. The 15 Figures 4A and B, the tab terminates at the end distal to the base 17 in arc 19,

which extends away from, and perpendicular to, the plane of the base 14 of the
platelet 12. The arc 19 of the tab 15 is aligned with the arm 18 portion of the tab
15 as shown in Figures 2A through 2F. The hook 16 of the platelet 12 is formed
by the arc 19 and reverse tab portion 20. The reverse tab portion 20 is the

20 portion of the hook 16 that reverses back towards the base edge 17 of the platelet
12. The arm 18 of the tab 15 is a planar surface and is in the same plane as the
base 14 of the platelet 12. The width of the tab 15 is less than the length of the
base edge 17 of the platelet 12. As previously noted, the tab 15 may be separate
from the base 14 of the platelet 12 rather than an integral part of the platelet 12

25 as shown in Figure 4 and the other figures of the specification. A separate tab 15
may be connected to the base 14 by either a rigid or a flexible connection
depending on the needs of the application. In the preferred embodiment, the
base 14 of the platelet 12 is a polygon having four equal sides. Other figures in
this specification illustrate ﬂtemative embodiments of the platelet 12, one with a

30 different hook 16 configuration and another with no hooks 16. The no hook 16
embodiment platelet 12 is referred to as a planar platelet 46. Fabric assembled



portions of the platelet 12 depending froma platelet base edge 17 is the
tab 15. The tab 15 portion is nore clearly indicated in Figure 4B by the
portion of Figure 4B lying towards the right of line a-a. In the enbodi nent
shown in 15 Figures 4A and B, the tab terminates at the end distal to the
base 17 in arc 19, which extends away from and perpendicular to, the plane
of the base e platelet 12. The arc 19 of the tab 15 | wth
the arm 18 péﬁ%#%%ﬁgf the tab 15 as shown in Figures 2A thrgggﬁggkgﬁ he -
hook 16 of the platelet 12 is forned by the grc 19 and reverse tab portion
20. The reverse tab portion 20 is the 20 p& tion of the hook 16 that

reverses back towards the e 17,0f 1 t . of -
the tab 15 is a pl‘gﬁléPlagﬂrq?ag%Ets gg%elf)gsellynmfeﬁée})%ggétn%f}gsﬁn%nag]egassmﬁ%gwg%&s&e&a?4 of
E he pl gt el et 1f2. Eih@)la}&b dfilme@;iteﬁ:h@lebeb hd&ksi 15. :Aaﬁélastdmictﬂgaexﬁﬂ nealylalsofbet Be
ase edge 17 of the platelet 12. As prevjous not ed, t t 5 may be
separate fromthe ‘E&g@%@m?ﬁ@“ﬁ?l W%%lﬂ@s%ﬂ%wﬁiﬂ&ﬁ?%&?r#‘ﬁbﬁl part
of the platel et 1200%'fbin£ﬁn§g%‘f\’%151&%a§h biitedlifhshidify. FIAMGEL baLsi@heo! the

specification. A separate t e connected to the base 14 by either
arigid or a flg&xifabsc tbturettn writstompressadgtateunongemeral of astratechingfopde cat i on.

In the preferred eppodi nent ..the bas of e at el 12.1s a polygon
havi ng four equal gﬁagl“ggﬁfﬂg}‘gﬁsgfﬁ’@?{ﬂ%ﬂ%fagﬂ%gie%ﬁ If‘@é?iwgtﬁalsfl ?hrgtrate
al ternative enbodiHapddssofifl objeet indtaddaifatsoid objedteontfigupedasIlatelef XY @rd hook 16

configuration and another with no hooks 16. The no hogk 16 enbodi nent
platel et 12 is refRianasglatalet4§. The squars shaped solid obiegt is do 333 pl3iR Qo VO

98/ 53715 4%contir1uous two dimensional sheet of fabric 11 of an}PQ; %?%&tﬂ?s?g 16
with planar platelets I'sS Toosely 1 nterconnected using an elastoneric

material in pl d0e mbebied by intercomecingaultiple platdds 1 2andstivets Bhiwanarmaneer i al

may also b di nbinat i it f abr.i t it | at el et
15 Sk o conb neARouR IaEaresdA g 15 et Aoftifueh e AR pEgS el TRl PPt
will aidthe 5 fajydie13lthat Bakieqipthd fabfic bfeSdaRREl T36 efletitiindfufjatent emoval of
a stretching force. Also illustrated in this sgemflcatlon is a fabric 11

assenbl ed with a selaiglets Rrperersed saghatthebeoks A8 obeashplatedetddiary obj ect
configured as a p'@e‘?o e é%rshé’wﬁfrgfigﬁrg?. ﬁ&h@% sHSws A AR '&aﬁgﬁﬂﬁgf

solid object is referre oas ap cont1 nuous two di mensi o
sheet of fabri d51lplateletsn}2 viewgt in cor-awaydfrémitlse side. In the actual fabric 11 as shown
in Figures 1A, 1B, and 6A through 6C, the tabs 15 of each adjacent platelet 12

are interconnected on four sides by mating the opposing hooks 16 of the adjacent

platelets 12 having their bottoms 22 up with those of the platelets 12 having their
tops 21 up. The orientation of the adjacent platelets 12 differs only in that

20 adjacent platelet 12 is rotated so that the bottom 22 of the adjacent platelet 12
faces upward as illustrated in Figures 1, 5, and 6.

The pins 23 of rivets 13 are inserted perpendicular to the plane of the
fabric 11 through the apertures 26, shown in Figures 7A and 7B, formed by the
tab edges 25 and the concave arc 27 that forms the intersection of adjacent base

25 edges 17 of the platelet 12 and the tab edges 25 and the concave arc 27 of
adjacent interconnected platelets 12. The rivets 13 are locked into the fabric 11
perpendicular to its plane by the truncated cone 24 ends as shown in Figures 6A,
6B, and 6C. The pin 23 is of a length that allows a slight movement of the rivet
perpendicular to the fabric. The pin 23 length is also chosen to allow movement

30 of'the tabs 15 upwardly and downwardly relative to the plane of the fabric 11.
The diameter of the pin 23 is almost the same as the diameter of the aperture 26



10 assenbled by interconnecting nultiple platelets 12 and rivets 13 in an
array as shown in Figures 1A and 1B and 6A through 6C. Each of the
platelets 12 and rivets 13 that make up the fabric are identical. The
orientation of adjacent platelets 12 are reversed so that the hooks 16 of
each platelet 12 are interconnected as shown in Figure 5. Figure 5 shows a
one di nensi o Lhg of 15 platelets 12 viewed in cut-awa

side. In thquéfﬁgpﬁ$abric 11 as shown in Figures 1A |B, angcgk&ghﬁgﬁgh
6C, the tabs 15 of each adjacent platelet 121?re I nt erconnected on four
sides by mating the opposing hooks 16 of the adjacent platelets 12 having

their bottons 22 up ,w th ose, of. the platelets 12.havi their t 21 up.
The orientation of “fbr‘?ﬂtd?;{sd%agﬂ%ﬁ 15 Sl %qngqrgssi B PR léﬁ{}&‘%ﬁ’efpﬂ%%” %8 s

adj acent pl atel et }3minfonlyfefdrRd t685 4 fudh fit Bewaer the pin’3 ik thd@pentdfesdde Mhe
platelet 12 faces upward as illustrated in Figures 1, 5, and 6. The pins 23
of rivets 13 are imy@rﬁb@ftb@nmﬂ_&qyepa«hewetfmwphlaﬁ@%ﬁlllﬁsomansﬁeestf >
through the ape”Uraﬂéw??orfféﬁf%gi}y'toﬁg]?f@g{cqsl aé et RS rafimilio Bidadtile foh&st ab

edges 25 and the concave arc ns the intersection of adjacent
base 25 edges 15 dlirotugtethelfatiriel 1dtso titat thedvaakar retaibs aghility 26 feghadr sehee surgicabv e
arc 27 of adjacent interconnected platelets 12. The rivets 13 are | ocked
into the fabric 11PF¥FP¥fdli cular to its plane by the truncated cone 24 ends
as shown in Figures 6A TRRIloW¥dr fiéxibilitye which irodudes tHefprépertied @I hstriettBibikdy] ows a
slight novenent of the rivet perpendicular to the fabric. The pin 23 | ength

i's also chosen to dendabilitpeasdavistabiity.dhe kaoks 46 susthe dimgnsionpd appropraipivar di y
relative to the pl %r!g}i*o“ffm?ia%ﬂﬁ%&s% ﬂggggﬂsqg&ﬁ%%%%{@e&i&eas I s al nost

the sane as the dianeter o aperture
PCT/ US98/ 10739 1V \spproptiltelyfralativectottie aperthirel A6)in evbivhritis sestirteds Adthough, ke Fi gur e

7A to formwhat is conponl referred, tq,.as, a,pu fit between the pin 23
and the aperture 260C2RH8 %ﬁ&#ﬂ%w&@mwrmg‘”ﬁ@: “’@f@’r‘ﬁw\lﬁ% 1} ﬁ“é‘eﬁﬁﬁri c 11
is inits fully conppRentd, Ridéme taFighes of 1, 11,4 11Dkte HeYpfolf tohgerfiaky dhe 11

as well as transm ssion of tactile forces 5 through the fabric 11 so that
the wearer retains vaiquatmeans by which ghis fabric 4 & isabletgaghieys thesegequrgments ang

al low for flexibiligys wich dral HI8R:sADrMARGEKS ifin@fival kemballdtht Y.

15 aperture.
Figure 9A illustrates a line of platelets 12 connected in accordance with

the invention. Figure 9A shows the platelets 12 in a configuration of maximum
separation. Figure 9B illustrates the platelets in a configuration of minimum
separation. Figure 9C is a cross-section taken along line a-a of Figure 9A.

20 Figure 9C illustrates how the hooks 16 can be pulled to their outer extremities
and yet not separate due to the positive engagement of the hooks 16. The hook
16 of each platelet 12 slides along the bottom of its matingly engaged platelet 12
until the maximum stretch, or length, of the string of platelets 12 is achieved.
Figure 9D is a cross-section taken along line a-a of Figure 9B. Figure 9D

25 illustrates how the hooks 16 can slide towards the center of each platelet 12 to
arrive at the point of least stretch, or length. The ability of the hooks to slide
towards the center of each platelet 12 results in a slideable interconnection of the
platelets 12.

Bendability of the fabric 11 is illustrated in Figures 10A and B where

30 each block denotes one platelet 12. Figure 10A shows the fabric 11 as a flat

array of platelets. Figure 10B shows the fabric 11 bent in a curve. The property



bendability, and twi stability, the hooks 16 nust be di nensi oned
appropriately relative to adjacent hooks 16. The rivets 13 nust al so be

di mrensioned 10 appropriately relative to the aperture 26 in which it is

i nserted. Although, the neaning of the terns stretchability, bendability,
and twistability is generally appreciated, reference to Figures 9, 10, 11,
and 12 are -hgbRguini 0 understand the uni que nmeans by which thersysbafyrse 11
is able to achieve these requirenments and the inportance of the di nensions
of the hooks and the rivets in relation to tge 15 aperture. Figure 9A
Illustrates a line of platelets 12 connected in accordance with the

I nvention. Figure ' ' ' JTum
separation. Figur é’%ﬁ@?@ﬁﬂﬁ‘i@%‘ﬂf‘Eﬂetﬁ%ﬁ%"t%‘étmé@‘?’ﬁ’gg&c%n | g%%%ﬁ%ém
m ni mum separ at i omplatéfetgi2rrelatie iosanather. B sve t9 ofthe hadkelt fakiliteges thiseadiala of
Figure 9A. 20 Figure 9C 'hl | u trahgosl%gigw.tghz. hogks 16 can Ee D%J ed to
their outer extrefMeveREn, Ryt aRianay HHafengte s & PRIV E-IS A engagenent
of the hooks 16. ediR@'dowiwatd Baif ddisthRdnalof #he afhi19QF ¥ tah U5 hls@alisivd om of

its matingly engaged platelet 12 until the maxi mum stretch, or |ength, of
the string of pi atd¢quate aruatesmeement.ed. Figure 9D is a cross-section taken
along line a-a of Figus | Qur Ny 16 can
slide towards the cent é:‘rfgl%%leg}%:oﬁ}éﬁletg?%dgﬁbr&i{’%ﬁeﬁa\;a?eb%?w?‘%g% ol %{fégf

| east stretch, or plaeles 2. FiigesidA arid/B dilustrae twistigof the Sdbridd 1 tasslsovelsbyt he
center of each platel e(i 12 resqtihts H} a,slideabl e i nterconnection of the
platel ets 12. BendsWpl Jepirtigns ofithe platsiet$1%1 s i1 ustrated in Figures 10A
and B where 30 each bl %En@@&qtse@tﬁ@ﬁata}eaif%eﬁtco;&mcﬁbﬂaa@m&%ﬁﬁ%o_ws t he
fabric 11 as a flat array of platelets. Figure | OB shows the fabric 11 bent
in a curve. ThE progagement allowFop8108@1drs of one platelet 12 with its top 21 up relative to

PCT/ US98/ 10739 18 of

arcuate moverent  GRIHERSRAaE 1431 i 1RG22 o8, Th Rl bkadtndh g, | 1

hook 16 facilit at ¢saldtse coupling or stiveable iriterchntiectionfalneplatelzeki 234t isithdr a

finger 30, as shown_ in Figure 24 projectin wnward fromthe djstal. end of
the arm 18 of t he stidgblesnigreognactipp st 51?%%‘3&gﬂ%étc\i?&%ﬁpéOW@ﬁ%h?mbﬁﬁy

characteristic of an elastomeric material. The hooks 16 allow for sliding

15 movement of the platelets 12 relative to one another in a direction along a line in
the plane of the platelet 12 and substantially parallel to the tabs 15. To allow the
platelets 12 to slidably move relative to one another in a direction away from
each other, the reverse tab portion 20 is of a length that is less than the length of
the arm 18 of the tab 15. The hooks 16 also allow movement in a downward and

20 upward direction relative to the plane of the platelet 12, as shown in Figure 25,
which is a cross-section of a platelet 12 restrained by a rivet 13 as in the fabric of
the present invention. Figure 25 illustrates a platelet 12 with a planar hook 38,
an alternative émbodiment platelet 12. Movement in this direction is a function
of the length of the rivet 13. The hook 16 also allows movement transverse to

25 the tab 15. However, movement in the transverse direction is checked by the tab
edge 25 contacting the rivet 13. The rivet 13 pin 23 in the compressed state of
the fabric all but fills the aperture, thereby allowing virtually no transverse
movement. Were it not for contact with the rivet 13 in both the compressed and
the stretched configuration of the fabric 11, the mating hooks 16 would

30 disengage and the fabric 11 would have the equivalent of a tear or a hole.

However, there is a greater range of transverse movement of the platelets 12



Figure 11 shows a twisted fabric 11, where each block al so represents a
platelet 12. Figures 12A and B illustrate twisting of the fabric 11 as
shown by actual depictions of the platelets 12. The hooks 16 by the nature
of their construction and the mating 10 engagenent allow for novenent of
one platelet 12 with its top 21 up relative to each adjacent platelet 12

W th its bot{yvs2nyp. The mating engagenent results in a | seftsd ng or
slideable interconnection of the platelets 12. It is the slideable :

i nterconnection that allows the fabric 11 tg%approxi mate the flexibility
characteristic of an elastoneric material. e hooks 16 allow for sliding

15 novenent of thg, %%@%&ﬁ%%@ha&éﬂ&iéﬂ ieeget@mw&augje asm.fion

along a line in the plane o atelet 12 and substantially parallel to
the tabs 15. To alaberture Ré iggredterinthe stretched ennfiguristion thaw whertempressed.oThise

another in a directjon fromeach got.her reverse,ta L.on 20 is
of & |ength t hat - FIPSEESY Hn SRerRen of g TAvdfa bomiEaSes MR B, E “The
hooks 16 al so al | QuetdRaENREL Ahd sifcBv/ditaicttr afthe Pth 216FRE fveli1BecA bératant,
relative to the plane of the platelet 12, as shown in Figure 25, which is a

cross-section of ahqplatelet &2 haoks16ere alloped toypoye fojfilkthe addifianal gpacpin thgpr i ¢ of

the present i nventagémmliggure 25 illustrates a platelet 12 with a pl anar
hook 38, an alternativé enmbodi ment platelet 12. Myvenent in this direction
is a function of the | évietlit mot foritie top 8 & bf tha truiidatedrook 24,8hasmoe bétiveersthe

t t t t 15 t .l t t
G rection | o oheciBer gy 26 aed e priah oot S Re ahoval it paerals B og poRERET | o
13 pin 23 in the cgpRARAGRRE b &ficall. THE tdpBrdfehctninchted cbric 145 sidwh iaper t ur e,

thereby allowing virtually no transverse novenent. Were it not for contact

wi th the rivet 1013 FRignrg3dBhmustethergfse.deof g dismeter that istlarge enaughdeaimbguithet i on of
the fabric 11, th ' . di . i 1
e Tabric t ?algﬁt ! lrr}? ﬁgﬁoﬁlﬁcﬁgd X}%ﬁ;ﬂlg Zﬁ% 1g '1t§ E@gﬂggse%@ﬁﬁ}é%mrogm l!o(ihé'

woul d have the equivale ear wever, a greater
range of transver sallnftknapetturef26; the tqy 3t aivetssheléhtire ardCofXB¢ SR rtube 26 or at
PCT/ US98/ 10739 19 re| ative to ong anot her \ggen thM@bri 9 1#? I S .strg]t]ched,
because the area ¢72st¢pYersihs g3 of the apertugs to the.qxtqny C INPRETHTSTFa 18 Smy

oD 7S BT e M et i i 01 of
15 penetrate. In the best case, when the fabric 11 is fully stretched, the pins 23
would all be positioned in the center of the aperture 26. In this case the diameter
of the top 31 of the truncated cone 24 would only need to be slightly larger than
the diameter of the aperture 26. However, this configuration virtually never
occurs. In practice the pins 23 assume a random distribution in the apertures 26.
20 Figure 13A illustrates a fabric 11 fully stretched. In Figure 13A the tops 31 of
four of the truncated cones 24 are of a diameter that is not large enough to
completely cover spaces 32 between some of the rivets 13 and the apertures 26.
The tops 31 of the other rivets 13 completely cover the apertures 26. After the
fabric 11 is compressed and stretched again, the new random distribution of the
25 pins 23 in the apertures 26 will result in a new pattern of open spaces 32 between
the apertures 26 and the pins 23. To correct the situation in Figure 13A, the
diameter of the tops must be increased. Figure 13B illustrates different locations
of the rivet 13 in the aperture 26 of a fully stretched fabric 11. The top 31 of the
rivet 13 pin 23 has been made large enough that it always covers the aperture 26,
30 regardless of where the pin 23 of the rivet 13 is located in the aperture 26. The
size of the rivet 13 top 31 is constrained by the requirement that when the fabric



stretched state. And since the dianeter of the pin 23 of the rivet 13 is a
constant, 5 the platelet 12 hooks 16 are allowed to nove to fill the
additional space in the aperture 26. Wre it not for the top 31 of the
truncated cone 24, the space between the aperture 26 and the pin 23 could
be | arge enough that a needle or other projectile could penetrate the

fabric | 1]. wh@shag 31 of the truncated cone 24, shown in }epdsbgirn 3B,
must, therefore, be of a dianeter that is |arge ‘enough that when the fabric

11 is fully stretched and pin 23 is in its 4prst case of having noved to
the wall of the aperture 26, the top 31 covers the entire area of the

aperture 26 or at ki StRert t hat
t he uncovered ar eél4 élag?tg%gﬁ*g{eeﬁo%gﬂw?ag?mt %&B?%Fl cti uet ?ro?rlwgﬁ)%zﬁg?f abric
i s designed to reshestpertare 26thed Fhe fplrivel Iria fally stretchédddpends upas the extanhof he
fabric 11 is fully, stret.che e, Qi.ns, .23.woul d. al |...b I £ on I n_the
center of the apers??ff’@%ﬂé? ogﬁeﬁh@q&a‘g@cﬁﬁé@Péh%ﬁoéwe%gﬁg%@S&%g‘ﬁWst he
truncated cone 24 1905hel diatteier BEME pin2 3T thed fielt 5 Mish AR affebuboh e shedtet er

of the aperture 26. However, this configuration virtually never occurs. In

practice the pisns tiEgondd ghthesivebioneressary to paygr theapertire B Thresmalieethe2in 20
prgure 1A 1T UST D3LERs BediBR th afghs tHd'1by 3 PI G HR18 Covel thelap@Hlie 2434 the T oPS
ed cone a al t hat

31 of four of the frunca are o anet er 'S not |arge
enough to conpl etely cahefabgipdt assembledas siesm indliguro1B fmeross-seetion dnd iand t he

apertures 26. The jops. 31 of the other rivets C |.etely.cover the
apertures 26. Aft @,lg‘-lgﬁé/&fl%gp?répefﬁvq %‘f"\‘,’m &é@éﬁa?fodﬂg?lfjéﬁéx%améﬂ’&?ﬂ t he
new random di stri hytieRRuithce! Whick for sBinB applitatithsiohsy iR BE bptiral. 26 allkdibter €SUl T
in a new pattern of open spaces 32 between the apertures 26 and the pins

23. To corr ect1Q h¢hesinevern susface, plafilejsii 2 as shiown indrighiresked; &5, apd 16-have apeadhust
be increased. Figyre 13B il] r.at e Lf5.€ | i 13 in
the aperture 26 ol# ng%ﬁ %u \g%gt C e%eg(g‘birll %ﬁﬁ%bJs%E%%%%ﬁgﬁ&g%@ﬁéet l\réfa&gt 13
pin 23 has been magtud 3 @terdinpuishmivant frorh tisd huitgm 22wfeliesplatalet Hh eTheltead,26, 30
regardl ess of where the pin 23 of the rivet 13 is |l qgcated in the aperture
26. The size of t ffown ersPS"tl"Sﬂng*E“Tes{“cAbﬁﬁ‘\aj}' F}z@eﬁwlﬁ@e?@&apfgw@me t hat
when the fabric 143946940 dre defined by intersecting cone shapes, which mate with the
PCT/ US9/ 110739 20 is fully conpressed, the tops 31 nust not over|ap each
other. In turnl& harugeated ese 24 portion of the rivet 13. The top 43 surface of the head 33 is

planer and in a plane parallel with the plane of the base 14 of the platelet 12.

The height of the head 33 above the platelet 12 base 14 is the same as the height

that the truncated cone 24 portion of the rivet 13 rises above the plane of the base

14 of the platelet 12. Figures 14B and C further illustrate the shape of the head

20 33.

The plug 34, shown in perspective in Figure 14D, is axially aligned with
the center of the bottom 22 of the base 14 of the platelet 12. Its faces 44 are
defined by a radius equivalent to the radius of the topl 31 of the truncated cone 24
for loose mating engagement with the top 31 of the truncated cone 24 when the

25 fabric 11 is fully compressed. Figures 14C and F show the head 33 and the plug
34, respectively, affixed to the top 21 and the bottom 22 surface of the platelet
12 from the side.

Figures 15 and 16 depict the alternate embodiment of the fabric 11 with

the heads 33 and the plugs 34. Figure 15 has the truncated cones 24 of the rivets
30 13 removed to better illustrate the spatial relationship of the rivets 13, heads 33,
and the plugs 34. Figure 16 shows the rivets 13 with the top 31 of the truncated



the aperture 26 when the fabric 11 is fully.stretched depends upon the
extent of stretchability of the fabric 11, which is a function of the

l ength of the tab 15 arns 18. The dianeter of the pin 23 of the rivet 13

al so has an affect upon the size of 5 the top 31 of the rivet 13 necessary
to cover the aperture 26. The smaller the pin 23 cross-section, the |arger

the top 31 MyHo {50 cover the aperture 26. The fabric 11 Wk%@s
shown in Fi gurespgllgn cross-section and in Figure 1A in a perspective view

fromthe top 21 of the platelet 12 presentsy@an uneven surface, which for
sone applications may not be optinmal. To alTeviate 10 the uneven surface,

platelets 12, as A ' _ ndi ng
upward fromthe top%%“g? plF%eg“ingsZ%é\%isl%ngﬁlﬁgﬁh o?u pfs-Eg\Sgth%ig?e(ggongﬁgga pl ug
34 ext endi ng downlmsely imatwith ehetheads@3 a0 with théiplupd 34 ol allowlriovenienat fefmive
shown in perspective in Figure 14A is axially ali d wth the center of
the base 14. Its jofusangther ‘E%@?‘Qﬁéﬂtaﬂ‘}m?ﬂ{" ?@%8?&‘6‘?&%@&1’%‘? %%whi ch
mate with the 15 £&@%ﬁ WREAhE fabie 11 it 8 Fully @niprés8éa Joditiohs itigp 43
surface of the hehd 33 18 %Ianer and in a pllar_ley}];%raﬂrl el I;v(\z%h?thé 1pI ane of
the base 14 of 5t hehqwmindiiguresi 15 anfiHé. s ifnstrated in Figureckfy ttedlag kepsurfages of

pl atel et 12 base 14.is.the . h | okt the e 24
portion of the ri eethe:achs 3{3? ‘s”gus%ﬁ:rgg\?oe&lf Slaelg‘i%‘eg%easg{éqé%seﬁb%é%y?%ﬁtggqtcﬁ%}
platel et 12. Fi gup4gividBmibcloverdlldvieh siirfick toithe fatirie 11h Thefkapaaias sée head 20

33. The plug 34, shown in rspective in Fiqure 14D, is axially aligned
with the center pfex{lﬁ%t%?g’g’ﬁfﬂ sﬁfef}}?é‘eﬂfgs?gaf “@fp??%é4 OftoL Fsppletely| ¢ g
faces 44 are def'ﬂﬁﬂ'ltﬁ?!ga}ﬁﬁqquééﬁec‘?ﬁwwﬁén%fahﬁcﬂ‘& fﬁft?ﬂbt&b'icﬂéﬁ. H%Gze%&?ﬁt@%e()f

the truncated cone 24 | oose mating engagenent w the top 31 o

truncat ed cond024deprensed suefapSarea fsrlangely relieyed,which satisfiaseyemthe niisur es 14C
and F show t he hegd 33..and #hq_‘r? | ug 34, respectively, affixed to the top 21
and the bott om 22%€HFNEPRIY s'pI atelet 12 fromthe side. Figures 15 and

16 depict the alternat gheiiivestiontias bédn deb@ibed bitha plateled 12 haviig thigcids 33 and
the plugs 34. Figure 15 has .the truncated cones 24 of the riveLs 30 13

removed to bett er S¥tpnding ﬁ'&?‘é‘&hﬁc 14, ot his shape js the Hﬁ%ﬁF‘ﬂ)e@P0‘4iﬂ’§nﬁ’ Wdhe 13,
heads 33, and thefa%h%?g%ﬁ%e%@vmy 4o Db e¥strhitied o ¥edobjetibeidiertbs top 31

of the truncated
PCT/ US98/ 107395 shapes. For example, an equal sided triangular shape also results in a fabric 11
that possesses the desired flexibility, bendability, and twistability. With the use
of a modified rivet, such a fabric may also be constructed without gaps so thata
needle or other projectile is stopped from penetrating the fabric 11.
Another embodiment of the invention is illustrated in Figures 17 through
20 23. Figure 17A depicts a fabric 11 constructed from a modified platelet 12 and a
modified rivet 13. The modified platelet 12 has bevels 35 at the distal end of the
each tab 15 where the tab edge 25 and the distal end of the tab 15 meet. The
edges 25 of adjacent tabs 15 of the same platelet 12 are connected by a straight
edge 36 having as a point in the straight edge 36 the intersection of the edges 17
25 of the base 14 of the platelet 12 (shown in dotted lines in Figure 17A ) and
terminating at the intersection of the straight edge 36 and the edge 25 of one tab
15 and on the other end of the straight edge 36 at the intersection with the edge
25 of the adjacent tab 15 so that the edges 25 of the tabs 15 in which the straight
edge 36 terminates are both of the same length. '
30 The pin 23 of the rivet 13 instead of being round is square. Each side of
the square pin 23 is the same length as the straight edge 36 of the platelet 12.



21 cones 24 in place. This figure shows how the tops 31 of the truncated
cones 24 loosely mate with the heads 33 and with the plugs 34 to all ow
novenent relative to one another, for exanple rotational novenment of the
rivets, and al so cl ose packing density when the fabric 11 is at its fully
conpressed position as it is 5 shown in Figures 15 and 16. As illustrated
in Figure 16yqiddRss %at top surfaces of the heads 33, which r‘jcsrgugg J5¢ sane
| evel as the tops é of the truncated cones 24 gives a nore overa f even -
surface to the fabric 11. There remains song,texture to the fabric 11 since

the heads 33 and the plugs 34 do not conpletely infill the fabric 11,
especially when the.fabri.c S f r tgﬂg : '
depressed surfaceLl\a?lllrse‘%lnbt?os(,l %‘%afé(%s#&éwee\%é&?o |gﬁlr{€§r‘|ﬁ'§%ﬁaet§&23%n ﬁlele nost

demandi ng appl i cadeggsusidddund pine 28.0h thkenibedimedeshe plaeibts\i 2 dindahepins 23 et 12
having tabs 15 extendjng fromits base 14. This shape_is the preferred
enbodi nent, but t REStEloser teagther s shawn,in Figuse 1 huen © B COMOreSEd od of

solid objects of @{:ﬁﬁﬁﬁ-ﬁ% ﬁgurém)ggxgtrﬁegm@ fin 29 8n@S4iRte Al ¢Fet

triangul ar shape also results In a ric 11 that” possesses the desired
flexibility, béndaead 3% efthisembodimentbility. Wth the use of a nodified

rivet, such a fabric al sp..be const puct L, t hout .0aps.s at a needl e
or other projectile i rsr% i%“&epg@&'b“ftf"g‘?ﬁqﬁ%f?ﬁ{‘i‘ 3? Pﬁ%"ﬁ%%ofigﬁ?nﬁén %HﬁX\not her
enmbodi ment of t he sirdtiRdl dofifiguratidr Witksduk Begihsi 23 ifriepted. e Withéut the plagh320  23.

Figure 17A depicts a fabric 11 constructed froma nodified platelet 12 and
a modified rivet insertedhit camelearlyche seeruthal the apepturs.26 is egtagenadin shaps. igwest al

end of the each tab%&iﬁﬁxggiﬁoﬁchq of s eGP aths bty sHehel ctgulllion he tab

15 neet. The edges acent tabs 15 o platel et "12 are
connect ed by allOst mathghe¢ pind @3, ilGstiating thgt the pins23iofitheirivetshld ase loaseinfittedige 36

the intersection of the edges 17 2 of the base,14 of. t .el et 12
(shown in dotted Mtﬂilgea}pﬁg%leé&néadi%&ﬂ}e ARG ?Wq%%(‘tef“rﬂa%{é%t%é i"%‘ft%?gection
of the straight egaswsibe&ictlngn aslftlyZomptessideohfigurdtiordTheaivet IEinstelier end

of the straight ed(tye 36 at the intersection wth the edge 25 of the
adj acent tab 15 s6&F terainatinginayigancated cone 24, termingtes ima squalgplats rivethead 32 ght

e, 30 1 o R bl )y SRR wo oy B 25 01
23 is the saneld emepilines cobfigusationishown axifigu® @00 Thistrenfiguratidnepromptes
stretchability by allowing for the large surface area of the square plate rivet head
37, which provides maximum coverage of the large aperture 26 formed when the
fabric 11 is stretched to the maximum and yet does not retard compression of the
fabric 11 because it nests compactly in the rectilinear shape. Figure 21 shows
20 the fabric 11 in the stretched mode and illustrates the complete coverage of all of
the apertures 26, providing a continuous closed web of fabric 11 which will
resist penetration. Figure 22 shows a portion of the fabric 11 of Figure 21 with
the square plate rivet head 37 of the rivet 13 and the square pin 23. The rivet 13
the pin 23 in the upper left hand position of Figure 22 has moved adjacent to the
25 side of the aperture 26 while the other rivets 13 have moved to other random
positions. Even in these randomly diverse positions, the square plate rivet heads
37 cover the apertures 26. The square plate rivet heads 37 cover the apertures 26
even though they are not oriented in a rectilinear configuration, but in a random
configuration.
30 An alternative to the platelet 12 shown in Figure 2 is depicted in Figure

23. The arm 18 of the tab 15, which lies between dotted lines a-a and b-b in
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22 This enbodi nent allows for an even cl oser packing of the platelets 12

t han the design using round pins 23. In this enbodinent, the platelets 12
and the pins 23 nest closer together as shown in Figure 17 when in the
fully conpressed configuration. Figure 17B illustrates the square pin 23
and square phadeygsbset 5 head 37 of thi's enbodi ment. Fi gur eckPudokAdsss r at es
the fabric 11 of this enbodinent in its fully strctched configuration

wi thout the pins 23 inserted. Wthout the phpfis 23 inserted it can clearly
be seen that the aperture 26 is octagonal in shape. Figure 19 shows the

fabric 11 of this ' by ad r ] [ ith-
e e 23, |1 o4 THRPPAER i it by ey B ket 191 M

—

pins 23 of the rivets 13 are | oosely
fitted into the a@3A; deprendifg dawmwind fionethe plang ofitheragm 4 8 jand thetbagd ofithe et s 12.

Figure 20 shows the fabric 11.jn its . full res .configuratien. The
ri 8et 13 instead Jﬂ?at?lgtrfr’%%&ﬂghiga'\gktgﬂferrﬂﬁ%ea@ﬁ)%@?%fwf 2?%\815\% % n a
square pl ate ri vetaltt@atveembodiifént il@pdrsfective idwiférnd thk byttein Bide e TEeplandrhe

rivets 13 are forced into the 15 rectilinear configuration show in Figure

20. This conf i gur &oplA3 i bawnsdthathickeass erepter thaphedhickrgsnef the baseri4 of thege
surface area of t;b?ata&“?zr. fgh?é ﬁfd@g&@‘«%n @%es% \Ma;ag%ed%f’ydfﬁkfv}ryﬁx' mim

coverage of the |arge aperture or e en the ric 1 stretched to
t he maxi num and yekemedndiag applicatiing wheredagrrstrengtio parefiel tdithe fpddoe o€ the Xatrec ause it

nests conpactly in th ectiljnear shape. Figure 21 Q 20 the fabric 11

in the stretched r%‘if{eg%{\’&ﬁﬁ%g%ﬁ&%‘g#w&nc %“%%W@%%%?Y%Teaﬁf t he

apertures 26, provhélidifofmaifichiHhgesmewRae ¢o¥ﬂbst&bﬂﬁ@ﬂbﬁ§q Wdl] iHidkeiBss\thd |

resi st penetration. Figure 22 shows a POI"[IOI’] of the fabric 11 of Figure 21
(<

with the squar &0 pisame a3 thedasehideaf tiepleelet hbisadequate; Figine 231 shosv the plajsiet 23.

The rivet 13 the pi | hegd Lo | 2 has :
noved adj acent toﬁ?k%e@?e%sé'gﬁg%&gpﬁ%hgé‘ght urep%%ﬁkﬁgaﬁﬁ%%@%i vets 13
have noved to ot heltematicoemipdiént ofithe platedet. Thist ditemativeaerbondimentiplatelste 2
positions, the squar | at e rjvet .heads 37 cover the apertuyres . The
square plate ri vetcoPé%fggmg‘ﬁe'&%\}@?lfp’rfém?& lowegm ‘i?‘é'ﬁ‘gtar? @Sﬁ"%ﬁ'e sgre not
oriented in a recmi%«keeusﬁmmaun&ha@eemm:ﬂemaar@ EroBN deBtigradvition. 30
An alternative to the platelet 12 shown in_Figure is depicted in Figure

2
23. The arm 181df rivets 13dp afully compeessed satehEigwieddBidusteates|theidly strefchadd b- b
I n
state.
Figure 25 depicts how the truncated cone 24 facilitates bending of the

fabric 11 with the alternative embodiment platelet 12 having the planar hook 38.
The truncated cone 24 also facilitates bending with the platelet 12 with the hook
20 16 with the reverse tab 20.
Figures 26A and B show yet another alternative embodiment fabric 11.
In this embodiment, alternate rivets 13 have their truncated cones 24 inverted.
When the fabric 11 is stretched, as shown in 26A, the platelets 12 pull apart until
they are restrained by the overlapping planar hook 38. If the fabric 11 must
25 bend, the truncated cones 24 and the inverted truncated cones 45 slide upward
over each other to allow the bending. When the fabric 11 is compressed, as
shown in Figure 26B, the truncated cones 24 and inverted truncated cones 45
fully nest together. The truncated cones 24 and inverted truncated cones 45, as
shown in Figures 26A and B, present a solid surface to a puncturing instrument
30 in either the fully compressed state or the fully stretched state. When the fabric
11 is extended, Figure 26A, the diameter of the truncated cones 24 and inverted
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23 Figure 23D, termnates in planar hook 38, shown in the dotted circle 38
in Figure 23A, depending downward fromthe plane of the arm 18 and the base
of the platelet 12 at a right angle to the plane of the arm 18. Figure 23A
shows the alternative enbodinment in a perspective view formthe bottom

side. The pl grydgis371shook 38 is shown with a thickness great gletiii@shdrRe
t hi ckness of the base 14 of the platelet 12. Thi‘s additional wall thickness

may be added for some very demandi ng applicgfions where tear strength
parallel to the plane of the fabric nust be high, such as for body arnor.

Addi tional wall t h}uﬁwsééml@?x% Lsp%rﬁseéo%gh i BRis e%rrawétﬁﬁh%gdeﬁamm%mat :

For nost applications a wa ness the 1 sane as the base 14 of the
platelet 12 is adaquejeetile br sharein@BimenitoFigutel2Z AGh aperispactive viewand Figure op.

Fi gures 23B throu F ar | an and elevatign.yiews.of the glterngtive
cmbod ment of 't he S3Pds & Sevaipip ey BEF a9 SRS af f MbBreA caREC L
configuration | endgverfegdel f to somewhat | ower nmanufacturing and assenbly
costs. Figure 24A shows the alternative enbodi nent in a cut-away Ccross

section with 15 rivet Figues 28ApandA3Byillustreisracfintber embadimentpiie &abpiga 1
11ustrates the Tyl oahic! (e0inalIbiael bl eryARRL'TS 8 Wl aGell 55Bf ! &

cone 24 facilitates I'Ng ¢ rnc he alternative
enbodi ment pl at el ahe distahend ofghd tals 1H ianaompresied28d a Shetichediwconfigwrationpne 24

also facilitates bendirl,% with the platelet 12 with the hook 20 16 with the
reverse tab 20. Fi'GPPEYBBA and B show yet another alternative enbodi ment

fabric 11. In this enbog/HRRtmbadi@it iR inlehBibi uded alphanar plRRIeE 46 hyincat ed

cones 24 inverted. Wien the fabric 11 is stretched, as shown in 26A, the

platel ets 12 pllt| ilyswatedinFiguresR8), 29Rand29G. sThedangy platelet 4G &4 platslenl? pl anar
hook 38. If the f ' t . . 2
ver ted truncat eqisautioord 18 TheconBEiiod Bink K HAHeCRANS Sinifhs 38 byl

bendi ng. When t he réspbéts,ao e platelenIDillesitata in Figusds@yM, 14andi23u The Zaitic 1t lie

truncated cones 24 and inverted truncate ones. 45 fully nesi together. The
truncated cones 24°BfgHc m@mﬂmﬁ%ﬁ’gfﬁ?@é‘“ﬁ@?°’h§’°§ﬂ@m%‘?’h Fi gures 26A

and B, present a solidrgirbRA 4 FORNMOGE 4 $i8ple Steet 488 guration of the fabric

15 11 constructed using planar platelets 46. The single sheet 47 is configured in the
same layout as the fabric 11 using platelets 12. The sheet of fabric 11 whether
constructed of solid objects in the form of plates 65, platelets 12, or planar
platelets 46 is arranged in a repeating pattern of the solid objects in a plane. The
fabric 11 constructed of planar platelets 46 is arranged in a repeating pattern so

20 that the distal end of each tab 15 forms a right angle with the distal end of
adjacent tabs 15 of adjacent planar platelets 46 with a corner 57 of the distal end
of each adjacent tab 15 forming the apex of a right angle, as shown in Figure
30A. Figures 30A and 30B illustrate planar platelets 46 in a compressed state.
Figures 31A and 31B illustrate the fabric 11 with planar platelets 46 in a fully

25 stretched position.

Figures 32A and 32B illustrate the fabric 11 comprised of two sheets 47
arranged in a stack 50 in a compressed configuration. As shown in Figures 31A
and 32B, the lighter gray planar platelets 46 make up the upper sheet 47. The
black planar platelets 46 make up the lower sheet 47. The fabric 11 may be

30 comprised of a plurality of sheets 47 arranged in a stack 50. As shownin
Figures 32A and 32B, each sheet 47 in the stack 50 is shifted parallel to the



30 in either the fully conpressed state or the fully stretched state. Wen
the fabric 11 is extended, Figure 26A, the dianmeter of the truncated cones
24 and inverted WD 98/ 53715 _

PCT/ US98/ 10739 24 truncated cones 45 is |arge enough that there is overlap
to stop the penetration of a projectile or sharp instrunent. Figure 27Ais
a perspecti v ' nd Figure 27B is an el evati onal view of ' wth
one of its t?g\r??:g%ﬁéﬁ cones 24 inverted. 5 “ Figures 28A gdnsgfr%ogigg :
illustrate a further enbodi ment of the fabrig 11 with platelets 12 having a
rounded edge 25 between tabs 15 and tab bevéls 35 on the distal end of the
tabs 15 in a conprgsse r | abh on: J .

Anot her enbodi rren?ﬁgﬁenfﬁ%&%rﬁenteiagt?(é%’ggg&%%ggggg%?g{sgﬁg&}@& tlat}s{g%é 15

il lustrated in Fi gf¢ach pRiidy, pl2t8St 461ih o8 Ghect 2 igihdinewithland evertapgingitise tab

| atel et 12 without hooks 16. The conf| .ati f I | et 46
!Os simlar, }Mn ot lﬁ%Pf?*\SEB@GF"S?MFGt %’é"‘bg gélg‘felé?sq‘f%%ﬁ {%elﬁg?sg{k%mfdrﬁhegﬁres 2,
4, 14 and 23. Theyfihuk g th shedt ﬁ?:é_kséfrth@faﬁﬂc‘l"l bfthe hltsthitheembolMnb usisy

dependi ng upon the application. Figures 30A and 30B i|lustrate a single
sheet 4 confi g@r apiavar phdteletsad6fin b fully st@tched condigyrationt Bigures 3A4 apd 32Br

pl atel ets 46. The,single..s T 1S C ' in the sane | ayout as the
fabric 11 using p}lwgélg’e@%ﬁﬁéngﬁcgﬁp%%&%ﬁgi c 11 whether constructed of
solid objects in the fPBigites34palant 64B@epicpthaakérnitive khbodiment fabric 1plrathel et s
46 is arranged in a repeatin e. The

it f the, | i.d obj ects | |
fabric 11 const r uempregsed gp pft%QPgia'! ‘g‘feés %ﬁ%@épﬁ% g"lgrﬁlc’g‘e?@&fg{}i ng
pattern so 20 thgfe difie (A c‘ﬁ}&gta h 85 dﬁh@ﬂﬁﬁde@%ﬁm@@b%rﬁosiﬂg@é&ke@dﬂﬁ& Wi th

the distal end of adjacent s 15 of adjacent planar platelets 46 with a
coner 57 of tH® disohidjamsdt planas plateletsi 6 endepnosipg basefedges Iplmtiaceny planaf a

right angle, as sh I n. F.gure A ELQur | t. e pl anar
platelets 46 in ap@géqur%‘? gg’sglgms?f 3?18am,gl‘igg'ﬁg@égﬁgégﬁg‘f@gﬁlﬂel&g? rlfé'?ﬁee t he
fabric 11 wit hdpl acmﬂfe{alcahﬁglﬁwonﬁﬁnftggﬂesfuw, $4R 35 AsdndeXSBh ¢ liphtest gray.
Figures 32A and 32B illustrate the fabric 11 c | sed ,of .t heets 47
arranged in a st ablenaplatplets %Wé@é%ﬂ“%ﬁf]he@h%g‘%i’%ﬁggﬁgﬁ%h’ﬁgﬁ]&f‘#"ﬁi"@hres
31A planar platelets 46 make up the lower sheet 47. The rivets 13 are illustrated in

15 black.

The planar platelets 46 used in the fabric 11 for differing applications
will have a thickness designed to be sufficient to resist the piercing or cutting
force for which the fabric 11 is designed. All of the planar platelets 46 of this
preferred embodiment are identical. The rivets 13 are all identical. Both the

20 planar platelets 46 and the rivets 13 can be formed of material such as a metal,
metal alloy, plastic, composite material or ceramic, depending upon the intended
applicatibn. It may be that the application will be best implemented having
planar platelets 46 made of one type of material while the rivets 13 are made of
another.

25 Figure 36A is a cross sectional perspective of the alternative embodiment
fabric 11 using planar platelets 46. The lightest gray planar platelets 46 is the
upper sheet 47, the darker gray planar platelets 46 is the lower sheet 47, and the
rivets 13 are shown in black. Figure 36B is a cross sectional perspective in the
stretched configuration. figure 36A shows the fabric in the compressed

30 configuration. As can be seen from Figures 36A and 36B, the rivets 13 hold the
multi-sheet 46 fabric together. The planar platelets 46 are able to move up to the



and 32B, the lighter gray planar platelets 46 make up the upper sheet 47.
The bl ack planar platelets 46 make up the | ower sheet 47. The fabric 11 may
be 30 conprised of a plurality of sheets 47 arranged in a stack 50. As
shown in Figures 32A and 32B, each sheet 47 in the stack 50 is shifted
parallel to the WD 98/ 53715

PCT/ US98/ 107 i acent sheet 47. The adjacent sheets 4 a ' a

di stance so t gf%é/tsjk?gitab 15 of each planar platelet 46 in ong%g@géeg(ﬁzi} S
inline wwth and overl apping the tab 15 of Q?ch pl anar platelet 46 in the
adj acent sheet 47. Figures 33A and 33B illustrate a two sheet stack of the

fabric 11 of the ' i | I Lh a
fully stretched c%ﬁm‘%?é%?%‘ﬁ%‘%?g&@gQﬂﬁ"?ﬁé’éﬂ%?’?%ﬂﬁ@dgil??’é‘%?é’%ri C
11 in a conpressedalxicl leto Heiflguibles ThéAlanariplaktscifimay alsdimownd & distaate aveay
enbodi nment fabric 11 in the ¢ ressed configuration with rivets 13

i nserted per pendi ’%Fhetrb"e“’?é t‘éﬁ‘i"%a‘etfﬁlﬁmflg %Es'ﬁtclfeﬁfaﬂﬂgﬁm@ﬁ%‘?%of“st he
apertures 26 for magipihe QRIBOGRA SARSHBAL 11 a8iAg pltelclo1 DHitRHbAG8! the! anar

pl atel ets 46 and opposing base edges 17 of adjacent planar platelets 46.
Fi gures 35A andd 33@magapdictretchand egsmpression aljopableiby dhesfabidc 1 hisidetermyined by hed

bl at el et o 46 make b HHrETeSAtip B He apirndA ofad st plal il fEncihBitts S0
pl anar platel ets 48. Mfakémmary, e plaaeplaeleests, fvsimilicfashiotctoshd platlets 12, are

illustrated in 15 black. The planar platelets, 46 used in the fabric 11 for
differing appli catqdﬁ?fggw ‘F‘PV%&\?éa%getqgidERﬁ@%%@?t@W@ﬂmtpbeW‘gm eeisel ¢ o

resi st the piercingdQbrigdHdlicB@pbintsdrhQectshi ch the fabric 11 is designed.
Al'l of the planar platelets 46 of this preferred enbodi nent are identical.

The rivets 13 #e al |l iWighout ke hookplthon the pledar platalstsrd6pt fabeir di sameéasiinbie t he
rivets 13 can be fornmed. of. nat.eri.al__suc ‘a1 s I | astic,
conposite nmateri al "B PeL; fg%mé(,glg elsﬁe"'ﬁéélﬂJ %0%%8%1 %@ﬂtlgﬁé géo E%)J[f)%ctg ion. It
may be that the apphdtiontof€ie hooks 1) A rdrcomipitingandtedihl Bcanyngpedfamnadrial

pl atel ets 46 made of, one type of material while the riyvets 13 are pade of
anot her. 25 whigh, jyhen nfgraopnectad beiyeen @sé?’il%?mfcti)%f?'tgﬁéépwamamwe

al ternative enbodigygfitermined spatial relationship of the solid objects within the fabric within a

15 prescribed range of motion of the solid objects relative to one another. To do so,

the connecting material should be flexible. An elastomeric material is an
example of a flexible material suitable for performing this function. However, a
non-stretchable material is suitable for certain applications. Such a material may
be constructed of fiber manufactured from man-made materials, naturally

20 existing materials, or blends thereof. The interconnecting material may be
affixed to, embeddéd in, or an integral part of the solid objects of the fabric 11.

An interconnecting material of elastomer in the form of a net 60 as

shown in Figures 37A and 37B interconnects the surface of the planar platelets
46. In Figure 37A, the alternative embodiment is shown in a fully compressed

25 configuration. With the elastomeric net 60 interconnecting the nonadjacent
surfaces of both sheets 47 of the planar platelets 46, the planar platelets 46 are
held together along the X and Y axes of the fabric. However, since the net 60 is
made of an elastomeric material, the fabric can be stretched as shown in F igure
37B. The elastomeric material can also interconnect the tops of the heads 33 of

30 therivets 13 as shown in Figures 38A and 38B. Interconnecting the heads 33 of

the rivets 13 with the elastomeric material accomplishes the same purpose as



fabric 11 using planar platelets 46. The |ightest gray planar platelets 46
I s the upper sheet 47, the darker gray -planar platelets 46 is the | ower
sheet 47, and the rivets 13 are shown in black. Figure 36B is a cross
sectional perspective in the stretched configuration. figure 36A shows the
fabric in the conpressed 30 configuration. As can be seen from Fi gures 36A
and 36B, the woys43$1513 hold the nmulti-sheet 46 fabric toget hegrushggodé anar
pl atel ets 46 are able to nove up to the WD 98/ 53715

PCT/ US98/ 10739 26 rivet heads and al so at ap7angle relative to the plane of
the fabric 11, allowing the fabric 11 to be flexible. The planar platelets

46 may al so nove andicohAdttifig wmﬁfﬂaaeremsrmwmemaem&%n& &a@ériapwt hliGwd abric

11 to be stretched-and corrpressed As with the enbodi nent of the fabric 11
usi ng pl atel ets 12héfabricbékbe sxmchcm@uaxotmanm dfigere38Achownthedahrisridssi on

apertares 26 of ¢ AL Epipress L B8 SRR 0K shiles 0RlEH: b R TodeRed e T
pl anar platelets 4’<‘igurb89shmdwaﬂcﬂlsd@icomgxﬁaﬁoh®wﬂithédhﬂbﬁleﬁamﬁ&ﬁel adapt Ied tg
nove in a range_of dire ns, and_di st ances represented by the vertlca an
hori zont al conp%né%‘?l’%’“tgf"i“ég?é‘égﬁf’ '?‘?Lﬁ“’etsan thep&“ﬂﬁlﬁ?efsr@ KaB¥e396 on the

planar platel ets 4fusidids difstordericde mwryonﬁecﬁgrme AbRLS ace-lr;P gésﬁbht his,

an interconnecting material 1s used to performthe functlon o ooks
16. An interconnedhé plgnaraﬂmlcta% pﬁemhyhcteyﬁéanﬂ‘tormtymneaivem hdad. Wepcndmg

i nt erconnect ed between the..solid objects.of, t bric, i nt,al.ns, a

pr edet er ni ned spatquflr&? eﬁpg{'?aglﬁgﬂf ﬁa%ﬁe %vésaé{glt? H‘t%ﬁ?@s'ftb %B? #':{' pEeaeh i ¢
within a 15 presaivebewithgeelatonigicinetl6®fIt iag alse be desableasd intdredrkét\Re t O
one anot her. i)%do so, the._connecti n% mat erjal should be flexible. An

el astomeri ¢ maf®r surfaces of adiacentplpnar glatelets fe.betyeen adiacent sheets 41 With paingley
performng this fupgldnfiic deb VIR YRS maﬂné?%o%é&éﬁﬁ?@é ﬁntéi@&xﬁéét@db}b SU' tabl €
for certain applications. Such a material nay be constructed of 1?

manuf act ur ed fr omelastpmemdanateriakmithowt rivetst13r Eiguyeﬂhshomsmhmgmﬁgmnoml s, or
bl ends thereof The _inter.connecti i xed to,., enb dedln
or an integral par'{slngfso{“%ggjg%‘? atﬂgg ‘fﬁé’ag?s&vé e??s}) onjeie 'ﬁ\?{hb ﬁjj

i nterconnecting nﬁﬁtefdoaiaecﬁﬁgﬂiemmsr Suth & bénfigarativ inag basthitdblt S réalRaNE | N

Fi gures 37A and 37B jnterconnects the surface of the planar platelets
g 15  cutting forces, but not needle punctures or bullets. P P

Figure 41 is another configuration of the fabric 11 constructed with
planar platelets 46 with an elastomeric membrane 59 affixed to the surfaces of
the planar platelets 46. The outer surfaces being those surfaces of the planar
platelets 46 in a sheet 47 that are not adjacent to the surfaces of the planayx

20 platelets 46 in an adjacent sheet 47 in a stack 50.

Figure 46 illustrates a stack 50 of two sheets 47 of planar platelets 46
held together by rivets 13. The upper sheet 47 of planar platelets 46 is shown in
lighter gray and the lower sheet 47 of planar platelets 46 is shown in dark gray.
The top of the rivet 13 heads 33 are shown in black. The interconnecting

25 material is in the form of a net 60. In this case the net 60 is an integral part of
the rivet 13. One method of accomplishing this is to moid together the array of
rivets 13 with the interconnection net 60 molded to the pins 23 of each rivet 13.
Such a technique obviates affixing, by some bonding technique, the net 60
between each rivet 13. As shown in Figure 42, the net 60 is affixed to the rivets

30 13 by threading a continuous fiber of the net 60 through a transverse hole in pin

23 of each rivet 13. A second fiber is discontinuous. It is inserted in a second



46. In Figure 37A, the alternative enbodinment is shown in a filly
conpressed 25 configuration. Wth the elastoneric net 60 interconnecting

t he nonadj acent surfaces of both sheets 47 of the planar platelets 46, the
pl anar platelets 46 are held together along the X and Y axes of the fabric.
However, since the net 60 is nmade of an elastoneric material, the fabric
can be stret ¢fipshas1sshown in Figure 37B. The el astoneric nm?é’#}/ﬁé%ﬁ%sa' SO
i nterconnect the tops of the heads-33 of 30 the rivets 13 as shown In
Figures 38A and 38B. Interconnecting the heggs 33 of the rivets 13 with the
el astoneric material acconplishes the same purpose as WD 98/ 53715

PCT/ US98/ 10739 27 y,qt:er. t1h 0O, |

el astoneric naterngFgﬁletg a1 Ovl\gQgﬁ%ﬂ%g%h@%‘ﬁﬁﬁ%sgﬁﬁg&gf?tgi?ecﬁrgt}mgﬁuS) nr’il(l)"'t torn
apart. Fi gure 38A azisofshe tiineet.f Biwhi portidn ofithe hes 60 pagsingdstodr shrangh thepinPi3gfr e
38B shows the fabric Ln the, stretched state. .Figure 39 shows, yet..anot her
confi guration vm'tﬁrf‘f?ﬂ%fs;?f‘g% i'S IR °e§s‘é%\flé$?'ﬁa éwﬁé’é‘ffé’x%?hé? t he
rivets and the pl angs midfiedddfFbmnifi® theeB60 May Seehd toWeduiretagsort bestly! ast oneri ¢
net 60 interconnecting the non-adjacent surfaces of the planar platelets 46

of each sheet 47 JSakricationmethod thanithe formen Bt avith quEpatayiomatadsaductien
lication, it : .

TTvet "1 with t he TAROAN SAPEnE Gl ARG Lochifhital BB BEoiuriEl

i nt erconnect the X fatwiceriflaasdldustrbted ity Bigaret420|l anar pl atel ets 46 between

adj acent sheets 47 with a_single elastoneric net. |ln this_.nmanner, two
sheets may be interconﬁ\éeéééas8?’?‘%3‘“2‘%‘8%3@”3’3%‘?%9‘F§9°m”F&E‘Emf‘?"(}’@gs 13.
Fi gure 40 shows sufdierdal @it {d siefcRhBlO o ABinREd 8&prdchnl bésflfche Suthlale form of

plates 65 with an elastoneric nenbrane 59 interconnecting the plates 65.
Such a confi gut@t iietercengectien materiahallowsdhe fabre 31 phigigurs 42 4e achiewg its prefersed but

not needl e punct u??@)(f%ﬁs?ﬁlhla ?&b?i-c ﬁggg{a@ri‘é&%ngeg é@%@i&xﬁérco&gfgséeql&a% éﬁhv?:{rgot he

fabric 11 constru planar an astoneric neibrane
59 affixed to the tsaiehgthes thefintelvenpdcting mayriat ejuek to thkGrequiled distéree betwetmces

bei ng those surfaces .of .1 he.planar,.platelets 46 in sheet 47 that are not
adj! agent to tﬁe s ?%‘B%gg 8$‘bgﬁ‘§°ﬁ§|léﬁlé CHHMPISS é‘aéefgnl?%ﬁ?rf? ncaﬁgfe&é’@nt
sheet 47 in a staGkefRed fol st RtctRrined! distircad e@fivaler tthk nRttirlim WecisHORES 47

of planar platelets 46 .
15 fabric 11 allowable without causing the configuration of the planar platelets 46

and rivets 13 to be unalterably changed. The interconnecting material forming
the net 60 is preferably chosen so that it is stretchable when a normally expected
stretching force is exerted on the fabric 11. If a stretching force in excess of the
normally expected force is exerted, the interconnecting net 60 material will break
20 or be deformed. Such a break or deformation will not allow the fabric 11 to
return to its original compressed state when the stretching force is removed.
Figure 43 illustrates the interconnecting material net 60 integral to the
rivets 13, but also affixed to the tops of the planar platelets 46 of both sheets 47
of the fabric 11. |
25 As with other embodiments set forth in this specification, there are
variations other than those shown in Figures 42 and 43 that are appropriate to
meet the design needs of the application. Such variants are mere design choices
and come within the spirit and scope of this invention.
In all of the configurations previously discussed an elastomeric
30 membrane 59 may be substituted for the net 60. An elastomeric membrane 59
interconnecting a surface of platelets 12 or planar platelets 46 would completely

&



hel d together by rivets 13. The upper sheet 47 of planar platelets 46 is
shown in lighter gray and the | ower sheet 47 of planar platelets 46 is
shown in dark gray. The top of the rivet 13 heads 33 are shown in bl ack.
The interconnecting 25 material is in the formof a net 60. In this case
the net 60 is an integral part of the rivet 13. One nethod of acconplishing
thisis to. ther the array of rivets 13 with the i ntRERRG j on
net 60 nol dre]@b?skﬁi pi ns 23 of each rivet 13. Such a technique oﬂ@?‘%ﬂt es -
affixing, by sone bonding technique, the nefy 60 bet ween each rivet 13. As
shown in Figure 42, the net 60 is affixed t0 the rivets 30 13 by threading
a continuous fiber of th et ,60. t hr { ' of '
each rivet 13. A %%"85?4‘8 p%teggtf lﬁagmgi@’selg?)%p?%u%@g\éﬁérﬁlgegl}ﬁggﬂ lf%ﬁlk %laéﬁrs econd
WO 98/ 53715 platelets. With the elastomeric membrane 59 interconnecting the heads 33 of the

PCT/ US98/ 10739 28 hole_ in each rivet 13 at _ri%gt ngJ es tf he first hole
and at the same pHY§s 13the membrapg 53 pan breopfiguaus s 1t SOMPIELRY EIVEIHE® net 60
passing into or tEHtﬁﬁglﬂfécE%fﬂie’fa 2 19f ARmenbfihe iy iftelROMREbA hedds 33 of
respective hol es such as by an adhesive product. This latter method of
form ng the nets 6themivgtssidemd the plaguplateleds #ore costly 5 fabrication nethod

than the fornmer. But w,th current .aut d. product | . Is y be

the preferred and nore 8%%%Xﬁlauﬁ%9ﬁ§'§tf%m§ér?g reu%@&gﬁg%wgi%ﬁgliiongs _

illustrated in Fi Bave@ndlastotidricBthtérial siaidinidhed bétwetn (e two 4Reetsd. be

constructed of an interc.onnec_tingth.rrate_ri.al_ t hat iswai‘retchabl e toalimted

degree and resi | | Elpstomsgie matgsial iy thiscase wiblipferconesst ét*qaél‘]acgqaqsagécetsﬁg .

fabric 11 of Figu ' | i i t#iess 1T deabric 11
fife sficerd &7 ?@lécxgynglateqés B4 Cinghis %grﬁ%'x% ifets

is manufactured to be 1 n i ressed state by having the length of the
i nt erconnect i rig nelimmated. dhe elastometitimatesiguivilleadiowi the shests 4F«xfuanar platelets ns 23

of the rivets 13 ip the. conpresse tate.. The. fahr..
stretched to a pré@&ﬂ@ﬂ?f%ngm%%gf&@?gﬁmwﬁgﬁt@?%&ttéjeongn%%&ﬁ%%ﬂg?r&etch of
the 15 fabric 11apdvw eeablodestritoRad andas b Behdable relativieitg ohebnorkerof t he pl anar

platelets 46 and rivets 13 to be unalterably changed, The .interconnecting
material form ng the n&he glastpmeng watsralserves thedunctien °fﬂ!§{|ea‘?1¥ itercepnestiRabl e

when a normally e | P8 thid'shiGeabe iRRDARLON tHal 1w fabdid- | 2
stretching force ?%ﬁ%gg%{%%%eﬁnorrrg ?’ef exlpect ed force is exerted, the
i nt erconnecti rig ned besfexitsie end bdndable] br eak
The elastomeric material imparts stretchability to the alternative
embodiment planar platelet 46 fabric 11. It also limits the range of motion of the

upper sheet 47 relative to the lower sheet 47 in the configuration where rivets are

not used. An elastomeric material may be chosen with the inherent property that
20 it will not stretch beyond a predetermined distance. A limit on the stretchability
is an important factor in avoidance of the fabric becoming disjoined if stretched
beyond a predetermined distance. For example, in a configuration using rivets
13, if the planar platelets 46 are stretched to the point where the tabs 15 do not
overlap, the fabric 11 may not be able to return to its compressed state due to the
25 distal ends of adjacent tabs butting up against one another or overriding one
another in a position opposite to-the original configuration. Also, the distal end
of the planar platelet tabs may be stretched beyond the heads of the rivets
allowing the planar platelets 46 to pop up above the rivet 13 heads 33.
Therefore, it is preferred to use an elastomeric material with an inherent

30 maximum stretch.



20 or be deformed. Such a break or deformation will not allow the fabric
11 to return to its original conpressed state when the stretching force is

renoved. Figure 43 illustrates the interconnecting material net 60 integral
to the rivets 13, but also affixed to the tops of the planar platelets 46
of both sheets 47 of the fabric 11. 25 As with other enbodi nents

set forth in ' ecification, there are variations other lifhﬁéb paTels
shown in Fi gl‘ﬁr&eés&gﬂand 43 that are appropriate to neet the desi 5?1 ne%ds of

the application. Such variants are nere design choices and cone within the
spirit and scope of this invention. In all ©of the configurations previously

di scussed an el astorreriAcilggiglrm%gp%ﬁﬁi@%m&ep&ig%%#g%%%@g%ﬂ%égg 60.

An el astoneri c nenbrane erconnectrng a surface o
pl anar pl atel ets 4fatevinlestbedadst irethe blstomedd SHfited3d 4 surface of elastomer. The

PCT/ US98/ 10739 29 cover | at el e | eavi erfqratio ver the
apertures forned Wnﬁﬁcé?%?efﬁf&ﬂéﬁge&mﬁ%&%ﬁ@}%? Whepthar ane 59
i nterconnecting t gy GadSmprassell sé that the ¥Rkinuks strdtdFofTRIRLAD S fistafi Rl

continuous so that it conpletely covers the entire surface of the fabric
11. A nmenbr ane Jrayo thetreedetenmined lapgthtofistagkisTiggefore, When the intended gnakinemd t he

pl anar platelets 486.. Yet.anqther .vari.ati 0 he fabri f & he .
alternative enbodi etﬁlﬁl ol%ghe'? %rﬁgl\}els §ﬁ°hgphag%ﬁél? ‘lEkcmnt{é €0rn| saﬁﬂe%%’ gﬁl vf\-ﬁtb 851%"&1

bet ween the two sheeikensdp andthetitaieelliwillnbt eapable of strétdhing Wayead that point.
I nt erconnect both the adjacent surfaces .of the _sheets

7 of , pl
platelets 46. In tAf %‘%%F’aﬁ@m&flf’ m@rw’%@wfsf%éw'ﬂag%wg%ah The
el astomeric materigly, yi defixedl th WhtelGedIR@SbrantficSial PAredfahe PlaRdrlfitists $PtHe0

maintain a relativel’'y fixed configuration relative to one another and yet
all ow themto He givetheelsd and to be bendable relative to one another. The

el astoneric nmaterial sV t.he f.uncti ' Ly i connecting the
pl anar platel ets 46. IMag?'ﬁ?esng?slcaé%‘ﬁﬁlgqfl%stﬁjg{regg%ﬁ‘é%?ﬁ%ﬁg tog{lre AT OWS t he
fabric 15 to be fembslinentsofdhdiatehtibh.clt mhisebehrmilstseodrthat thssé sseinat the GABA t S

stretchability to the alternative enbodi g%?tthlgl anar npl,l%t elet 46 fabric 11.

It also linmts thdopsablgsmbpdimspts speompassy mvention. This invention is capable
of modification and therefore the invention is not limited to the precise details

15 set forth in this specification. For example, instead of platelets 12 or planar
platelets 46, the fabric 11 can be comprised of a sheet of solid objects of any
shape. '

Various arrangements of the platelets 12 and planar platelets 46 ina
plane have been described. However, those arrangements of the platelets 12,

20 planar platelets 46 other shapes of solid objects are not intended to be the only
arrangements for implementing and achieving the objects of the present
invention. There are many combinations of shapes of solid objects and
arrangements thereof that will effectively accomplish the objects of the present
invention. The limits of combinations of shapes of solid objects and the

25 arrangements thereof are best described by the mathematics of “tessellation.”
Tessellation is the art of filling a plane with objects, such as the solid objects of
this invention, that border each other without gaps. Mathematicians would refer
to the solid objects of this invention as “tiles.” Tessellations are used for floor
and wall coverings and as patterns for furniture, rugs, tapestries, quilts, clothing

30 and other objects. A tile that tessellates can have an infinite variety of shapes.

Tessellation with regular convex polygonal tiles is the most common form of



upper sheet 47 relative to the |ower sheet 47 in the configuration where
rivets are not used. An elastoneric nmaterial nay be chosen with the

i nherent property that 20 it will not stretch beyond a predeterm ned
distance. Alimt on the stretchability is an inportant factor in avoi dance
of the fabric becomng disjoined if stretched beyond a predeterm ned

di stance. F e, in a configuration using rivets 13, nar

pl atel ets 4g»g§§§§?%etched to the point where t He tabs 15 dgéﬁg?ﬁggéﬁlap,
the fabric 11 may not be able to return to,its conpressed state due to the
25 distal ends of adjacent tabs butting up agai nst one anot her or

cont i gurati on. Aepeine” ypebSR kndlaR dfer factRaf PR Af complcy

stret ched beyond ;iahembﬁmﬂmapfsertvhm-tmwmtmlﬂﬂan\gbaignwwmpvmby pguimel et s 46

to pop up above the rivet 13 refo ref .ed to use an
el astoneri ¢ mat erqoavewﬁmogﬁ Ly FFh rﬁen%n‘ﬁ%ﬂ' H{Zl'ﬁfs§ l‘i“ beseri “5&5“ 8§F4%715
PCT/ US98/ 10739 3Q,pvrat biticledBidiedh 1y MhdtiRiGardidr, txﬁ'ﬁleftﬂitﬁéxﬁihdam&ﬁesf‘s%&ﬁm
non-stretchable fiber 61 naterial enbedded in the el astomer or affixed to a
surface of el ast cfighe Sciensifieohmerican magazine Thefust agicleisientitiedy €O:

predetermned |e f » Q9SS H\ﬁ he
maxi mum stretch 3 W%%nig;i%efﬁgn %’Q‘i}gcé & g&?éénghlhszl mﬁ% hggepr&goe erur:rl%ned

| ength of sl ack. Jbﬂtitfa‘dpﬁ‘More\Hbeﬁttilimgthmlatuﬂﬂdpﬁwxmmmdtpnb'bnimoaﬁ the fabric
11 is reached, all the slack in the non-strefchable fiber be taken up
and the fabric 11palyipmondsand plybexesyrAugustdd ?%r Jﬂ}&‘h Bﬁﬁ?etlﬁa‘?m%i nt. As with
the el astomeric W?nga Rinary HShpBBAdIS tif thhﬂemqt:heaghéthé‘o XL MIafua@t Ch may be
af fi xed to, enbed 4|>ntn(§’r}t or an |nt1e1%al part of theryg a{nar plugt@tel ets or

the 10 rivet 10ea®d7. Bach oftheselagintesdsincotpbratedarsin by xefarenseed in t his

specification are vari egOﬁ@B%#g% ik %%Eﬁ%ﬁya%n%‘%g@ h[%efgtlssfz £ 1o be

under stood that these S enconpassSed by

this invention. Tdmuswmmwmectemmmmaeh stieetoidief fabrid tocytreahd’lhdﬂer efore the
invention is not limted to, t eprelsedtal forth

se
speci fication. Fottretchabiityeof eacisthast 4 d’ffﬂlﬂ brig @1%3{“2 . ?é‘ﬂé?bf)p *’léts 46,
the fabric 1 1 CalRfafIoIdiFRRMIE MES BER bodh pitalnkdh 18 BHAMeToPfho 8eable

15 interconnection. It is to be understood that other means of slideable

interconnection are within the ambit of the present invention. Likewise, the
present invention has described means of slideably interconnecting sheets 47 to
form a stack 50. One such means uses a rivet 13 and another means uses an
elastomeric material interconnecting both of the sheets 47. In both cases, the

20 means of interconnecting the sheets 47 provides for slideable interconnection to
maintain the flexibility of the fabric. Slideable interconnection of the sheets 47
is more generally described as a means of allowing the sheets 47 to move
relative to one another in a limited or bounded space. The rivets 13 allow the
tabs 15 of the platelets 12 to move towards or away from the bottom of the rivet

25 head a predetermined distance. The bottom of the rivet heads limits the
movement, thereby holding the sheets together while allowing slideable
movement. The connecting material also allows for slideable, but limited,
movement of adjacent sheets relative to one another. The connecting material is
also usually adapted to allow limited slideable interconnection of the solid

30 objects in the individual sheets. The hooks of platelets 12 serve the same

function as connecting material. Both the hooks and the connecting material



shape. Various arrangenents of the platelets 12 and planar platelets 46 in
a pl ane have been described. However, those arrangenents of the platelets
12, 20 planar platelets 46 other shapes of solid objects are not intended
to be the only arrangenents for inplenenting and achi eving.the objects of
the present invention. There are many conbi nati ons of shapes of solid

obj ects and lgggeents thereof that will effectively accor{)p_lq'gg

obj ects of t Ee”presﬁt invention. The linits of ‘conbinations 0 gﬁg‘ﬁﬁs of -
solid objects and the 25 arrangenents thergpf are best described by the
mat hematics of "tessellation.” Tessellationis the art of filling a plane
w th objects, suc s.t he i ] kS d I afhder each
ot her wi thout gapgﬁﬁ\}g‘?Wgﬁa’g%rgggﬁgke%%%frlaet&glrté?%%g;ego |edﬁ<%gj§ ect sgof this
invention as "til| esnnectigmeatetialtlinginthe amicvetentbffpiateléts d2 relating tomhe armshezr i ngs

and as patterns for furniture, rugs, tapestrjes, .quilt clothing 30 and
ot her objects. A EPF@%Iﬁé’fﬂteég%télP LS S -f{h?,ﬁwﬁ a'sﬂﬁﬁﬂWf%taU ety of
?Q?Pnei ]; Tes \SMe)' {gg} Feih St Abb RG] REnt HEOMED tRAINONARletstdré B5le tmb{teat @R Bhgle OMTON

PCT/ US98/ 10739 531 ta the plink af therfabridolie Each of hesean¢thedsgire dasignedtcachiespapes can

yi el d nore conpl ex,patterns that ser istic or utilitarian goals
not achi evabl e by)f.ffbg‘ﬁﬁﬁt’%t’s@%@&beg%%glcg%%&%}ﬁe@ﬁ The general theory of
tessel lation is descri pgdalséusefiias h&g Dhedns facemtding thesolidwbjedtgthdy Martin
t he, Sci.entific Anmerican

Gardner, in the Mat hematical Ganes {Zfeei%égn S of 1

magazi ne. The fir lateiets i &/ theplanar p , 6fﬁqn‘tae'°§'§;, hed, positipn tR @ cBMBFRSSSd ¢ h
convex polygon ti k sttion. Jhile theUEe of FQastGrRERImAkiAl Gk SorhpilisREN this|fbtion MY €
about tiling the ane: the possibilities onfpoI éom noes, polyi amonds and

pol yhexes; " Aulfus any 8ther mthed whirclly thetelaphants bri¢ arg retamed tadr di nary
nonperiodic tiling that enri.ches.the,theor f el ] es: " .Jar y 10 1977.
Sob B BoHB0F b Wil bR o Brmafaais

Each of these arti erein erence. e solid
obj ects including the ghasaé 13Tt grésendinveritionlissm enivrdindem fer Hollidethe
slideably interconnected o allow each sglgqet_ of. the f&gri c.,to stretch. The

stretchability of sheststogsiheiin E?t_aé‘F 59 wails aligwize the sglid ghects.platelsisde. o7 ¢ o be
bendabl e, str et Chahhg: piaifli 46T /e in MednedR e sHER Q7R G5£Bkelo &t if OVI de
15 angle to the plane of the sheet 47 to provide flexibility. Other means to allow
flexibility and movement of the solid objects also falls within the concept of the
present invention.
The present invention also contemplates a means of limiting the
stretching of the solid objects, the platelets 12, or the planar platelets 46. Two
20 embodiments of the means for limiting the stretching to a predetermined distance
have been presented, but other means that perform the same function will also
fall within the invention.
This invention includes such changes and alterations as fall within the

purview of the following claims.



15 interconnection. It is to be understood that other neans of slideable

i nterconnection are within the anbit of the present invention. Likew se,
the present invention has described nmeans of slideably interconnecting
sheets 47 to forma stack 50. One such neans uses a-rivet 13 and anot her
means uses an el astoneric material interconnecting both of the sheets 47.
In both cas 0 neans of interconnecting the sheets E? i for
sl i deabl e |§@ rggﬁbéctlon to maintain the flexibility of thg Rgﬂﬁhﬁﬁﬁ

Sl i deabl e i nterconnection of the sheets 47j s nore generally described as a

means of allow ng the sheets 47 to nmove relative to onﬂlllm "‘Iﬂl“";ulll"mL
limted or bounde Fac m? vet 13 allow the tabs ts
12 to nove toward é‘r%é’? % W{g 5’& ‘om of t he -rivet *25¢ head"a °®
predeterm ned di stance. The bottomof the rivet heads limts the novenent,
t hereby hol di ng the sheets together while allow_ng bl e novenent. The
connecting materi d al ééa@tqmm@ﬂofgshaeﬁpelwgm 0?*(}{13103505 PERPRERAIR 30f
adj acent sheets r I B{Eﬁﬁ’ﬂgt .otk S @l SO
usual Iy adapt ed t% a ! %&I}aﬁe ea qrgﬁ\?rg ter conndedé?fegﬁbg?btﬁjﬁ%&sol id 30
obj ects in thesindividual sheets The hooks of platelets 12 serve the sane
ook on,5g connegtl NOriRLEne S clain T, Wiersin R Hciné RY ibelkCombRBAG L BE! ST S
32 limt the noveggels Afadrbted frSlideabié intGicohnection.0 one anot her. The hooks
and the connecting material limt the novenment of platelets 12 relative to
one anot her. The hooks of the platelets act as stops. The hooks also all ow
rotational novemegpt ab ?ﬁlﬁﬁe le to
nove at an angle 5 %ﬁﬁg gﬁgﬁ%}ht e f%@m%ﬁﬁﬁfkg ﬂﬁ%?f?%%ggﬁﬁ% hods
are desi gned ti@ a&htﬂmﬁ;a fabrlc that is flexible, bendable, and
stretchable. It is also useful to have a neans for returning the solid
objects, the platelets 12, or the planar platelets 46 froma stretched
position to a compr eSS?ﬂeﬁeﬁbbfaﬁimWiut&rhbe pHSiflg eas fol RdresmEdthgrRé er i al
acconplishes this function, 10 any ot her nethod wher eby t he elenents of
the fabric are resheetsed to a conpressed position falls within the ambit of
the present invention. The rivet 13 of the present invention is one
enbodi nent for hol ding the

15 5. The fabric of claim 4, wherein the means for interconnecting the sheets is

adapted for slideable interconnection.

6. The fabric of claim 5, also comprising a means for returning solid objects

within a sheet from a stretched position to a compressed position.

20
7. The fabric of claim 6, wherein the means for slideably interconnecting
the sheets is adapted to limit the movement of the sheets relative to one another a
predetermined distance.

25 8. Th fabric of claim 7, wherein the means for slideably interconnecting the

solid objects is adapted to limit stretching of the solid objects relative to one

another a predetermined distance.

9. The fabric of claim 8, wherein the solid objects are planar platelets.
30



sheets together in a stack 50 while allowing the solid objects, platelets

12, or planar platelets 46 tomme_J_nMe—pJ—&ne—ef t he sheet 47 or in a

direction at an 15 angle to the et 47 to provide
flexibility. Other neans to all ommuﬁ“ll movenent of the solid
objects also falls within the co spresent invention. The present
|nvent|on al nplates a neans of limting the stretchj solid
obj ect s, @§I9&?§E§ts 12, or the planar platel €ts 46. Two gggmg&r’?gg%?nent-s
of the rreans for limting the stretching t%%a predet ermi ned di stance have

been presented, but other neans that perfo t he sarre function wll also

LTterati ong st aldw FhFRoORG SRR aliein HR PRt pRnERaR ™,

98/ 53715 platelets is arepeatmg pattern of planar platelets arranged 1naplane|§€'ﬂzidtlﬂﬁ8/ 10739
33 What is clai rred as the invention is: A fabrjc conpr.i eg*sﬁafl a, sheet
of a plurality of distsl gt ofijaglttab o&ﬂ\eméwlﬁtﬁlehfmgésh%&ns&wﬂh i ng

eans. for it er copAegL gk, BARRRL HiahhblADACHifla Srier of the Hial ARbE ©Of

claim1l1, wherein f’ rreans cting t e solid objects is adapted
for slideabl e isnt eschadiueeaititabnforrBing the apee of atightangle. cl aim 1, further
conprised of a plurality of sheets arranged 10 in a stack. 4, The
fabric of claim3, further conprising a nmeans for interconnecting the

sheets. 15 5.  (The fgbedbfic 8f clinfi 0 wherel\GicR skeet 13@hifiea paraflélito the
I nterconnecting the sheets 1Is adapted for slideable interconnection. 6.

The fabric of cl andiaéentshieet conprising a nmeans for returning solid objects
within a sheet froma stretched position to a conpressed position. 20 7.
The fabric of claim®6, wherein the nmeans for slideably interconnecting the
sheets is adapfeed 120 | The fabkibof cieine 'k véherdin alhshests éreths stack asieiidantical ande

anot her a . .
each sheet is shifted parallel to the adjacent sheet a distance whereby the tab of
each planar platelet in one sheet is in line with and overlapping the tab of each

planar platelet in the adjacent sheet.

15 13.  The fabric of claim 12, wherein a plurality of rivets are inserted
perpendicular to the plane of the fabric through each of the apertures formed by
opposing edges of tabs of adjacent planar platelets and opposing base edges of
adjacent planar platelets.

20 14.  The fabric of claim 13, wherein all of the planar platelets are substantially
identical and all of the rivets are substantially identical.

15.  The fabric of claim 14, wherein the means for slideably interconnecting
the planar platelets is an interconnecting material.

25
16.  The fabric of claim 15, wherein the interconnecting material is

elastomeric.

17. The fabric of claim 15, wherein the interconnecting material

30 interconnects the planar platelets.



predeterm ned di stance. 25 8. Thfabric of claim 7, wherein the neans

for slideably interconnectirg—the-seli-d-objeets is adapt ed tolimt
stretching of the solid obje ne anot her a predeterm ned
di st ance. 9. The fabric oﬂ'm“\mmll mﬂﬂmn the sol'id objects are planar
pl atel ets. | WD 9/5371
PCT/ US98/ 107, The fabric of cl al m 9, wherein the
pattern of tﬁggﬁéanar platelets is-a repeating pattern of pfpg:ri{gfr% pﬁ’a% el et-s
arranged in a pI ane so that the distal end g each tab of the planar

a

platelet fornms a rlght angle with the di st end of adjacent tabs of

adj acent pl anar teI he I each '
adj acent tab form ﬁ-é %%g d’ﬁlfemétﬁgemtg?"éﬁ&m#}ga@;’%rl c of claim
10, wherein each ﬁh@eénnestsscmmmbmn@dsmiesmdflﬂefabﬁ@cent sheet. 10 12.
The fabric of claim 11, wherein all sheets in the stack are identical and
each sheet is shifted parallel to the adjacent sheet a distance whereby the
tab of each planaggpl atlﬁ%: bric'3f Ol3fin $ Qa@ﬁerélﬁtHerinﬂechﬁnéé‘nﬁ%mﬁi%ﬂaHL’Qr| appi ng
the tab of each pI anar atgl I'n the adj acent shee The
fabric of claim 1memhnmee| n a pI urality of rivets are inserted

perpendi cul ar to the plane of the fabric through each of the apertures
formed by opposing edges of tabs of adjacent planar platelets and opposing
base edges of adjagent ThE &bt of tRirg 1 8 Wherelh the idtérconnetlifg materinkis @herc! ai m 13,
wherein all of the planar platelets are substantial ly identical and all of
the rivets are substantially identical. The fabric of claim 14,

't er connect | ng mater g‘f’“’%ﬁﬁf‘é°‘aﬂﬁ$ﬁ“9'¥@§r. g Pr P oD o

i nt er connect i n matretch allovvel tyl the slideable dnterconnection means is an mtcrconnectmg

material inherently stretchable to a predetermined limit.

22. The fabric of claim 15, wherein the means for limiting the maximum
stretch allowed by the slideable interconnection means is a non-stretchable

15 flexible material having a predetermined length of slack when the fabric is
compressed so that the maximum stretch of the fabric is a distance equal to the
predetermined length of slack.

23.  The fabric of claim 21, wherein the means for limiting the maximum
20 stretch allowed by the slideable interconnection means interconnects the planar

platelets.

24.  The fabric of claim 21, wherein the means for limiting the maximum

stretch allowed by the slideable interconnection means interconnects the rivets.
25 '

25.  The fabric of claim 15, wherein the interconnecting material

interconnects the planar platelets between adjacent sheets.

26.  The fabric of claim 19, wherein the membrane has perforations in axial

30 alignment with each aperture.



17. The fabric of claim15, wherein the interconnecting material 30

I nterconnects the planar _platelets———W-98/53715

PCT/ US98/ 10739 35 18. T | im 15, wherein the interconnecting
material interconnects t &1 “flmﬂlw mast one side of the fabric. 19.
The fabric of claim 17, U onnecting material is a 5

menbr ane. Zq", g}; fabric of claim 18, wherein the interco ﬁfs.
material is aoﬁset i ?521. The fabric of claim15,” wherein thg’ nea?lgs)g)?%gr

limting the maxi rum 10 stretch all owed by e slideabl e i nterconnection
means is an interconnecting material inherently stretchable to a

predetermned lim,t. 2 The.f.abri f | | . s for -
limting the maxi ffm sﬁleéfa(? cgfflmtf,gv efea%ﬁ)se{ﬂné%g%'wggﬁgi%@tr%gﬁﬁec | on nmeans
i s a non-str et chabitécdinectidgtké Bibe ofplasidriphitel 18 bethgerbadjicedtdhestsi ned | engt h of

sl ack when the fabric is conpressed so that the maxi num stretch of the
fabric is a distance equal to the predeterm ned | ength of slack. 23. The

fabric of clalm 2 Whehelel BECIHRRDS filier bbbiidififintclboriBeting!ifseial, St I et ch

al | oned by the slideable Interconnect’ion means | nterconnects the planar
platel ets. 24. 5 whichfinterdoonests thé toprsutface ofitley planar plateleteintbe staek.| i ni ting t he
maxi mum stretch all owed by the slideabl e interconnection neans

i nterconnects the rivets. 25 25. The fabric of claim 15, wherein the

i nter connecting npYer i The Fabtie bf S1BIAEES, Fuithe? comprsiig Mteaéctmedtinghndtedan
adj acent sheets. 26. The fabric of-claim19, wherein the nmenbrane has

perforations in axhigh ingreenneststhe botigm purfage pi the Plangr platelets ipghestagks 1 5
PCT/ US98/ 10739

10 30. The fabric of claim 13, wherein the rivets and the platelets are formed of
material from the group consisting of a metal, metal alloy, plastic, composite

material, ceramic, and glass.

31.  The fabric of claim 13, wherein the planar platelet has a thickness
15 sufficient to resist a predetermined piercing or cutting force.

32. A fabric comprised of:

(@)  two sheets, each sheet having a plurality of solid objects arranged
in a tessellation pattern having (I) means for slideably interconnecting the solid

20 objects, (ii) means for returning the sheet from a stretched position to a

compressed position, and (iii) means for limiting the movement of the solid
objects relative to one another a predetermined amount; and

(b)  each sheet in stacked arrangement with the other sheet having
means for slideably interconnecting the sheets and means for limiting the

25 movement of the sheets relative to one another a predetermined amount.

33. A fabric comprised of a plurality of plates arranged in a sheet with a

means for slideably interconnecting the plates.

30 34. The fabric of claim 33, wherein the fabric is comprised of a plurality of
sheets arranged in a stack.



36 27. The fabric of claim15, wherein the interconnecting material is a
net interconnecting the tabs of planar platel ets between adjacent sheets.
28. The fabric of claim25, further conprising interconnecting material,

5 which interconnects the i mﬁﬂ"ﬂ'ﬂﬂ"m pl anar platelets in the stack.
29. The fabric of claim 248 rsi ng i nterconnecting material,

whi ch inter the bottom sutfdte %of *t he pl anar pl atel '
B Sehyshyis

stack. 10 30. he fabric of claim 13, wherein the rivets
platel ets are fornmed of material fromthe g-0up consisting of a netal,
nmetal alloy, plastic, conposite material, ceramc, and glass. 31. The

fabri f clai wh ER .t h I I '
uf i cient o resPS alpy it SRRCH brbell e pelfB eklbralans ey,

fabric conprised afijacénfidheet.t W0 sheets, each sheet having a plurality of
solid objects arranged in a tessellation pattern having (1) means for
slideably interconnecting the solid 20 objects, (ii) freans for returning
the sheet froma sgr et GHEALROSHUAAMS, MibrekURA BRSPH RS 6 Bt @ 06ntbd df )
means for limting the novement of the solid objects relative to one

anot her a predét eeadhmiate anoomlayeranicentendd ovepthelintetseationiof, thetcamiestofshe angenent
with the other she[ai hzi:tm?gag neans for slideably interconnecting the sheets
and neans for |imPARS P M Fement of the sheets relative to one

anot her a predeterm ned anount. 33. A fabric conmprised of a plurality of

pl ates arranged in_a sheet with a neans for slideably,|nterconnecting the
plates. 30 34. 3The Thefabec of claimyd3rwhereinjhe means for glideablyjintesconneghing | sed

of a plurality of %gﬁ . ] mg%q dt%@g 715
PCT/ US98/ 10739 37t .ﬁgsglf%{eﬁ'?%g??lg&o c?ﬁgl?@n l4x,e erern each sheet is
shifted paral |® to the adjacent sheet. 36. The fabric of claim 35,

wh ' h sh ' ' d th he. t f h t
'ayer 1s. cont or e 3Bver TPRBURPEREELEhafem o upsp mehs BRfrpLlonsa " O

membrane.

39,  The fabric of claim 37, wherein the interconnecting material forms a net.
15
40.  The fabric of claim 33, further comprising a means for limiting the

maximum stretch allowed by the slideable interconnection means.

41.  The fabric of claim 40, wherein the means for limiting the maximum
20 stretch allowed by the slideable interconnection means is an interconnecting

material inherently stretchable to a predetermined limit.

42.  The fabric of claim 40, wherein the means for limiting the maximum

stretch allowed by the slideable interconnection means is a non-stretchable fiber
25 having a predetermined length of slack when the fabric is compressed so that the

maximum stretch of the fabric is a distance equal to the predetermined length of

slack.

43.  The fabric of claim 34, wherein the means for slideably interconnecting
30 the plates is an elastomeric material interposed between adjacent sheets and

bonded to the plates of adjacent sheets.



pl ates of the adjacent |ayer. 37. The fabric of claim33, wherein the

nmeans for slideably interconn ' IS an interconnecting
material affixed to the plates. fabric of claim 37, wherein
the interconneting materi al “mfﬁlm E‘ 39. The fabric of cl aim 37,
wher ein the I nt erconnecti ng net. 15 40. The fabri c of

claim 33, rrpnsmgarreansfor limting the maxmp
al | onwed by ,t\f,/lb@?/%s dée)abl e interconnecti on neans. “41. The fa r| C o? claim

40, wherein the means for limting the maxiggqum 20 strctch allowed by the
slideabl e interconnection neans is an interconnecting material inherently

The: means for 1 il ng EHECRER] i 2 v o Pl AR aRma il vherel”

i nt erconnecti on nipeMmbrdns. @ non-stretchabl e fiber 25 having a predeterm ned
| ength of slack when the fabric is conpressed so that the maxi num stretch
of the fabric is a distance equal to the predeterm ned | ength of slack. 43.

The fabric of claj 34’[hé"ﬁﬁﬁ@bf'clﬁlﬁ1e4§%@ﬁnfﬁénﬁérbéiﬁxé&ﬂdérhdiéﬁlf&ﬁﬁ%%t ng 30

the plates is an e ‘astoneric material 1nterposed between adjacent sheets
and bonded to he pl ates of adjacent sheets. W98/ 53715

PCT/ US98/ 10739 38 ,44. The fabric gff_ claim43,.wherein the interconnecting
material forms a fenbr &fabricgemprisgdol b ¢ of claim 43, wherein the

i nterconnecting materi gl f ofwtbshdetsi@ach shedithaving A phadlity of suidpmbjesesdmhged( a)
two sheets, each sheet having a plurality of ects arra

tessel | ation pat t iy ;tepsgliption pagtprnchaxing (P gpeany f°H§l5JSP§)y|‘+‘FFr§PWﬁW&'?‘gﬁ‘gJI
solid objects, ﬁtg(e&k ) anfR 3 FiednS Tor' infitih 2 fdVRmER VTR Nolid bbfebS rélftvedo

obj ects rel ative
10 one another a predetermined amount; and

(b) each sheet in stacked arrangement with the other sheet having
means for slideably interconnecting the sheets and means for limiting the

movement of the sheets relative to one another a predetermined amount.

15 47. A method of protecting a surface from punctures, pierces and cuts
comprising the steps of:

(a) forming a fabric comprised of a plurality of sheets, each sheet
having a plurality of solid objects arranged in a tessellation pattern with a means
of interconnecting adjacent solid objects; and

20 (b)  covering the surface to be protected with the fabric.

48. The fabric of claim 1, wherein the solid objects are identical solid objects
arranged in a tessellation pattern, said tessellation pattern having four solid
objects adjacent to each solid object.

25

49,  The fabric of claim 48, wherein the tessellation pattern has six solid

objects adjacent to each solid object.

50. The fabric of claim 1, wherein the solid objects are regular polygons.
30

51.  The fabric of claim 18, wherein the interconnecting material is a net.



10 one another a predeterm ned amount; and (b) each sheet in stacked
arrangenent with the other—sheet—having—eans for slideably interconnecting
t he sheets and neans for | kdig ful enent of the sheets relative to
one another a predeterm Hmmmmm"mmn? A nmet hod of protecting a
surface from punctures, pkerces. arnd GulSs conprising the steps of: (a)

form ng a faphogsHpprised of a plurality of sheets, each shegfsherig a
plurality of solid objects arranged in a tessellation pattern wth a neans
of interconnecting adjacent solid objects; d 20 (b) covering
the surface to be protected with the fabric.” 48. The fabric of claim1,
wherei n the soli de<$bj .2 4 i ind : ohl : in a

tessel |l ati on pat tseér)'n, eg%ffgﬁ{.ggfscggf}}aﬁzg&#e%gif{hgrug@%g:\ﬁ/{e%@gg@ﬂ@g é|‘d obj ect s
adj acent .t o each membthnebj ect. 25 49. The fabric of claim48, wherein the
tessellation pattern has six solid objects adjacent to each solid object.
50. The fabric of claim1, wherein the solid objects are regul ar

pol ygons. 30 51. s3 TherheRbli€ ofidlaifl 22, Whifin 18 Me@hdfok Ritink e fRARMAM | Ng
material is a net. WO 98/ 53715 . . .

PCT/ US98/ 10739539sts#ch allowed by shs slideaiile intesponnectionprans intereqnuestythsplasanect i ng

material is a ne 5%51%. 53. The fabric of claim22, wherein the neans for
limting the maxi fiM 5 stretch al | owed by the slideable interconnection
means interconnects the planar platelets. 54. The fabric of claim 22,

i nter connecti on nehns Tt BPEeAfdaim24, yhersin the means for aximum

stretch allowed by the slideable interconnection means interconnects the rivets.

wherein the neans_for linting_ the paxinmum lztf,r etch a&i{n?t\{\x?gdthg}/n t he slideabl e



