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therein snd whersin sch larper arcs comprise laminar ovir-
Lays comprising soaller areas without mooollamens
[001%]  Tmadditan, it peovides soch o laminate wheeen sech
smaller areas compese usa-plannod armangements. And, B
proviiles soch o baminate forther comprizieg & sef of waler
hresibable clement: samprsing lominar overbys of sl
smalker aress, Fanher, # providis such @ baminate forber
coavprising a sol ol other lasiear overlas. Moneowes, 8 pro-
wides such @ laminate wherein o first ane of such at lesst two
unidirectianal pes inefodes ponalilansents bing in 2 differ-
enl predetermped divection then 2 seond oo of such o least
e mnidirec o] Laps,

[0020] Addmosally, # provides soch a lasisate whersin o
pimshisnion of the diffzrent prodetermaned darections of soch
Al kst bwvo unidirecticeal tapes §s merselected to wchaeas
lamninate properties heving planoed directionnl Agidityfies-
shility. Alse, # provicis snch a lanvinate conprising 2 three-
dimenssonally shapel, flexihle compesiie part. lo addition, it
provides sach o product comprsig multiple laminate soz-
ments amsched along peripleml joime, Aaod, 1 provides such
& prodact comprisiog € least one bminate sormeot atched
sy peripheral joinls with ar kast one noo-lamicale seg-
el Further, it prowiches sicl o product comprising endtiple
laenigete segmends afachel dkog aoesk jeinis.

[21]  Ewen lonher, it peovides such a product comprizing
at Jezst anc lamizms sepoent atinched along ana jeants with
at leas vne pon-laminme seemer. Moo, 1t provides such
2 prodise] compeising ot Jesst one lmisse sepment mtached
akong area joants with ot lenst one undtape sepenear, Addition-
ally, it provides soch a peoduct comprising 24 leas] oo Jami-
nale sepment annched along arca joints with m least one
neonofilament sepment. Abse, it provides such o prodoct fue-
ey xnmrizing 51 st ome cizid e,

[0922] Lo secordonce with ancther prefirred eosbodineent
Feesresf, this Emvemizon prosles o prodhoct whencin such ol k-
cne umidineetional tepe is attnched fo soch prsdieen, In accor-
demze with o preferred embodimen hensaf, the present sys-
Teim provides each and every novel featmre, element, comba-
ngiion, gep andior metled dischosed or suggested by tis
partend applicilion.

BRIEF DESCRIPTION OF THE DELAWIHIGS

[i23]  FEE. 1 shows o disgramatic view illsartiog o lemst
cne compasile laminas: maerzd scoording to a prufemal
eenbadimnent of the presenl invention,

[0024] FIG. 2 ehews o enbarged detaal saew of detnil A of
[LiF. 1 acconding to b prefied cmbodiment of FI1G. 1.
[0025]  FIG, 3 sheess o data praph illusioning, piese per
formonce vs. momber of Bovers, acconding 1o the prefecred
emhodiment of FIGF 1.

[M026] FIG. 4 shows a dingramatic view, ilsmeting flex-
shility of at leagt ane panel of soch at lesst one compesite
laminate material, secording to the preferred cosbodionent of
TG 1.

[002T]  FIGi. 5 showe a dingronmsic view, Dlustratieg e
hsctivgg of ul lenst cne pamel of such @ lenst one compasTie
lamimnss matenial, sceeading to the preferrad coubodimens of
FIG. 1.

|28 FIG, & shevs 2 dizgramatic view, ilogieating o com-
pacative thickness of 2t et o pane] of such ar kst one
composite laminste matesial, socording o the prefered
emnbadiment of FIG- 1.

]
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(9] FiG. T shows: a dageamatic view, Hlbostrabieg
infralaminar  hybridizstion, pecording Lo the peefemed
emvbadimenl of TG 1.

[0030] FIG. § shows & dingramatic vies, illoaetiog com-
mphed filsments, scconting, W the prefered embodiment of
FHG. L

[iEE]  FHE 9 shoes uis of mbloninates & ioterkyers: 1o
reducs pask st losds

[an3z)

MREF GLOESARY OF TERME ANT TEFINITIONS
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DETAILED DESCRIFIION OF THE REST
MODES AND PREFERRED EMBODIMENTS OF
THE INVENTION

[0033] Referring 1w FIGS, 19, Bght-weight sens-nged
coupposite anti-ballistic systans 100 deseribed herein & a
pare compesite anti-ballizte svsiem based an maultiph: pested
gnh-lamninnies mamefcbared from bssers of wnidirectional
monaliliments made fom engipeering Gbers witly anfi-bal-
listic propertics embedded in pelymer maoirix maberals aod
inberlicial manenials engineered for coatrolled conplance,
difarmation, energy release sl rne aemsitive hehavior,
These Ioyers are oriesied in mhiple dircctioes Lo disinboe
e mmpaet Ieads, comtre] deformation and dissipate inapact
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imjuary or ipcapennn. Fxoessive debonmation al degrmles
the kalliste profection Re oulo-hi mpects closehy spaced.
For 1his penson it is desirble e beve 8 number of angles
selected. Three provide some ioprovement bot folr angles
spaced at the 0PSRN 43" crieniations g the betier
perbonmece, Some addifivnal mprovenent can be obiained
by addieg ansther set of ply angles soch b5 o 23,57 incre-
ments (LS A4S SETYSIN ATV 43I0 5N o
exnmiple), ar al +/=30" or #/-60°, The sab-laminsic: i be
sl of stacked pepenting sets of these ply growps 1o build up
the: dessired mumnber of wnitspe: bovers in order Lo achies e
roguina ballse performnnce and Beabiliny,
[0043]  The resincontent preferabdy ranges from 1% 10 508
af the 1e1a] sreal weighs of the unitaps with the lpwer resin
ot penemiby providing bemer ballistic perfonmemes.
Higeh and Jes resin conbenl unbps can be combined in vm-
s stncking soquences sal bayvup potberms.
[043]  Thin kvers of polymer i, pon-wovens, and lay-
ers of psmo-fibers or films preferably con be Tocated a1 ane o2
o umilaps inferfases 1o bmprove or modily ballsne per-
formance
(048] Resin matenals may preefembly be cpoxy bass,
cyanate ester base, or polyesier based resins of varying
maleeudir wisght or compos ition combdmad will varnis cue-
i, #pents o provide e desired mainx properties. Malris
zterials prefembly may alao be thermoplastic polyusethane,
akternaicly prefershly hock copolyesters, alwemately prefer-
akly two part poelyurethane eitber with 1he aromatic ar 2li-
phatse Bsocyanse coring mechamsn, akernaiely preforably
cemmics, allermbely prefevably B-heam depositics poly-
mers, albemately priferably silicenes, or athors. Fesms may
preforably be i bot nech, sltemately prelorably scocois sola-
T, sliemasely prefierubly solutosns with organic or inor-
panic sulvent, alieroaiely prefeably water or golvent despes-
sins, alemately prolioably poaders, aliernately prelerabiy
spupbonded films, alvermasely preborably cormded sheets,
alternately praferably co shests The cast or eximulial ghess
preferably may be homopabywer, alersately prefersbly 2
rtilayer cosxirusion, abllernatdy prefersbly co-cnst omie 2
carricr, film, paper, or clotls or the filn may be wasppored.
[0045]  Swch a1 Jesst ooe muliloyer, moltdinectosal sub-
lammicates  preferably  comprises unitape of  polisded
manofilamess preferahly to provide te laenissse with 2 mul-
tidireetieal-layered netwodk.
Jidis]  The banding sillvesz of a ballisic ploe or sheet,
peglectmp effee: of ransverse stmin, prelonsbly i@ propor-
riomal 1o the section modutus of Th phate ar sheset, preferably
aceording 1o 1he lomuwala:

Scting Wod-F =P

[0047] Whers B is the width and [ is e tnckiess of te
ph{:w:dmel.

[0d8] For comperison purposes anby, we sel b width
normatized ta | e determine the offects of the sheet o plate
thickness oo the fexibility of compeamable plocs snd sheets.
g inch is 2 commen thickness for composite shests hecause
it roughly gives 5 Tbaffiz. For the 17 plate section, the
mohhus=F=TI2G-(1) {1¥6=10%. How bt coamine ke
effoct oo flexihility by eoing Uhiesy, statiog a8 04K and
going up in 00307 merements o 005 2={1) (1SH25-1¢
(0] (500, s the QU020 -172500 of beniling stffbess of the
1" sipee ¥ 05 proportianal i (ke thickness of the panel
squared, o000 the #=11111. Iv=( 0 the £-(12512
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[#049] Fora 17 sack of tee (.020° shoet. sotad ix=10 1he
susn ol secin modulus: Fell=XE3 (x50) 12550 1150
and [=1 w 33.5; Fef=EN-17333. As one con sex fram the
pattern, e Dexibiliny of o pared mede up of sub-lamica: of
equatizing total thickness, if all sub-laminate tncknesses ane
e g prop oD wsing this relativashap, e we can break
e total desired penel thickness mio o aumber of ash-lami-
gated that provide the necessary increase in flexibiliny. I 2
thickness ol 0020 1= chosen forthe sub-lamInale shee, i
the elTietive @iffness is 1050 imes lower snee the bending
stillivess of the stack of 50 MI207 sub-lamiabes 15 50 e
less 1hem o manalihas 17 ballistic plabe.

[0S Ifengineercd propery, o paesd mode from the =ab-
lumizae may hwa: performasce meging fom mismal
pecluction i ballistic performemos ke actelly beng higher in
Eadlistie protection than sohid dgid plass, while still being
flexihle. The sub-Tamanane may bewsed as discrebe sheets wih
maximyam fexibality or they may be lightly banded topeiber
with a thin layver of comgpliznt mie-sensitive dilason material
embeddied m compliaen foem.

[0051] DBending the subelminate wpether in such 2wy
decreases the fexibiling of the pane] bt preferably still allows
fora complinm pancl cxpecially if the pusel dods not peed to
underzo larpe deformstions e i the caso with balliste plade,
It i3 goefemble for o ballistic plane 10 mpan just enoagh
v wur Tl panel 1o provide the peseszary level of mobil-
ity el et

[#053]  This i subjective parameter that depemls wpon the
totz] thickncss of the ballistic pemel system, the properties of
1he manofilament in the sob-Eniesse aod the degres ol com-
plinnce engineered al the inperfaces befween the lamisses.
[0053]  Adthowgh the sob-lamicoty system has sob-engi-
neersd flexom] propertics, moch of the fexibility is due o e
loy shear & voung s modiehs of the visoselsne dilawny
foam materals al e ioerface booding the sub-laminatbe pan-
el inkr 2 single punel. Dilasary meterials e very rale-sensis
tive and undergo a tmmsatmmn from highly compliong clsto-
meric material o hiphly rigid, sold mmerial. Under impact,
the e o sensitive dilatory bevers converts [fom a soll eom-
phant marersal e & ST intedayer thal kecks vp the ash-
lnminates togethar so that they st 5 8 solid panel, which
neczns thal impast stiffiess of 2 panel increases e glosd 1o
ol a solid balliste pansl,

[ii54]  The rigidness af the pane] under inspucd spreads the
impact Joods and memntwes the sinsciuml isdeprity of 1he
pamel during the imgact. Since this is a visooslastie effeo, 1he
rate ad which the mberkevers tracsfom from soft o Agid G
b comtradled 10 mannge the impact and spresd the fesce ofthe
impact event aver 3 bonger penod of time. Spreading the
irmrpact Bl cves i longer G poriod neckeess s mopenide
of e impsa b, and the load mie prefembly sm be
adpnsted o provide optimal keod transfer so the individanl
sub-laminates Lo provids the highess level of pratecon from
cach mdavidoal kallistic mab-laminate, as shown m FRG 10,
[#055]  Compliang, vissslane inerlinear loyer of mie-sen-
sitive, higher mane siffeming polymer and polymer [, ag
shom s PG, LA,

[00F6] Panel is Demible neder normal e doe do sub-loni-
nanz, 5 shewn in FIG. 4.

[005T] Under ampact loads the moic-sensitive inlerbacs
rigidizees oc “froczos™ the phete into e aguivalesd of anc-
paece punel with mo sob-lamicaie, a% shesm i FIG. 5.
J0058] AT lesst one aren of design flexability oo tles sob-
baminme panels i the ability o sedect e thickness of the
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srakily are laminate fonmed. Addimonalby, the coreed secizans
arc prefimbly fabricnied in one sct of sub-laminanss, alr-
maely prefambly are Bbricotal andividually oed iben
el

[0073] Upon peading the icochngs of this specilcalion.
thiee skilled in the ast will wow sppresians than, umeler gpoe-
priale gircumstanoes, comsiderng sach s 55 e envimn-
meed, fotare techmalopies, e, e, other nses of the come-
posite system, soch &2, for example, rigid pates made fam
s marsials syems where Bexibalily is not desired, blags
prodsction, comlumment of explosive fadhare of miatiog
mschimery, contsnment of jot engine and olber pas turbane
cngine compressor blade fatlees, sporting geod probection,
cradly protectzon, reinforcement of masonry, bock and con-
crele struciuns arl baldings to provect them: oo blasd or
sesmnic domages and sccomdary colkpee or faikare, vehicle,
aircraft ammor, we o a fexible “clodh'™ replacement far con-
venbanad ballistie sof wests, elc.. may suffice.

[0uT4] The flexible sub-laminate pocfembly makics & Wy
high pezfimmnance opiion as a replacoment for Gl vist
fabrics for fexible wesis aml body armor The comporie
guh-lapinates prefierbly b supenor anfi-ballistic proper-
13, sl s sprending relative o convenbional cloth 1ech-
mologics and prefemibhy hawe the further ndvanisge that they
3 o1 abaarh mokiare and bocome Bupaid saerabad, amd the
likszr muonadilaments ore fully encapsolabed amd progecl 5o
they are protecied foom abeosson, chaflng, flex fxtigue and
eanvippamentn]l degradation doe o s, fluds, chemboel,
amdl 1MV e visihle mdimion

[0075]  Inwest applicatices i1 15 generally acvantageous 1o
select the sub-laminate Thuckress that givees the highest degroe
of anti-ballistic protestion will the thinnest overall lamiswie
thickmess, wd T s pamber of the thinoest wolepes
prederably onented g many sogelnr dirsctions as is pos-
wible cosisient wil cost and production throughpat con-
straiots. Fusther. the weof shear bsckening matrix and inter-
luminate byvers profembly may ke wcd w0 prove inpact
properties.

[00Ta] A thin, compliant, mbe-sasne e or lipers,
shost L1 micoems in kekness, prefembly can be mearpo-
ratedd inko e sub-laminace. This loyer ar bypers G b @
viseaelastic moterial with kiph Joss factor for absorking,
damping, and diEspatmg imgdes forces and ; releame
from the onpect whike slso adding fexdbility to the =ib-
baminate. Strpmpeally lecating inderdmers prefiombly s
substantially chance lond spread and energy nesngemesni iy
twibaring the mpact ipulse 2z was previously discussed, amd
a: shown m FHE 9.

[00T7] This matenal is espeesslly usefinl for ey airoali
spplicmians sinos it can be disirble 10 have & semi-Rexibic
axaterial, far exnmple, in the nscdle ammocmg the comgressor
blades of the engine. The Bexibality of the armor prevents
pwver-stiffeming the modle, whach coold promate premature
fatigue of the enpine suppo sinectare, but has encugh rigsd-
ity disring the impact of the failed compressar blades har it
G retain stnpctural ingegrity while stmalisseously contain-
ang, tls= Blade frmgments.

[00TH]  This materiad is alao an el saloion for reinforce-
muml of ey brick, conorese structune and hurhdings 1o
protsct them from blas or seamie damages, and secondary
callapse or failane by kaminating oo of mere sub-laminste
sheis 10 the walls or ceilings of be SIN0CTOR. UsIRE 20
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witeprated pel style curing sdbesive Biver oF vis & speayed or
bnashed oo soeghened adbetive or a combinstion of both
types aof bomdang sienls,

[W17%]  The material proforably o be rmnsuren, opeque,
transhucent, colored, primted oo teacused for decoradive archi-
tectumal cffectsar W add camonilage, IR comtrod or other Low
Obsorvakle fimshe sod teaures. Addibenally, the material
preferbly can incorpoie 3 weathemhle outer surlsos bryer
1 hag an emvironmenial comire] fusetion such &6 solar
relleetivity or 17V hlocking lor insusdation or enerpy effickency
s o sy feature.

[nasn]  Althcugh applicanl o desibe) applicant’s pre-
ferned] exnbodments of this imenion, @ will be anderneel
that the broadest scope of this iwention inclades madifica-
fioms woch a8 diverse shapes:, s, and materials. Swch ssops
is lmmited ooy by U bekow claims i read Bn connection witk
the above spevification. Forther, mamy olher advantages of
applicant’s irvention will be apparent 1 e skilled in the
sl from the ahove descriptions asd the bebow claims.

L. Ap asidhallsstic composile comprisiog:

{ &) muhiple sub-lanvinate Jayers; 2

{h] viscoekstic dibinry materzal distrabuscd s inierlayers
hetwenn sand sub-lamnnane lvers;

Wiz said viscockstico dilatory material convrts Triwm
sofi compliznt material w stufl imerloyers when eid
composit: s subjocicd to impe,

2. The composine of claim 1, wherein sl vl
dilztory mabersd samposs o Fr-sensine high-rate stflo-
ing polymer or o palymer foam.

2, The compassie of claim 1, wherein said ascoekan:
dalmory material bands each of @0d subiphe ahb-laminse
lavers together mio a snghe pancl,

4. The composite of claim L whertin said wterlayers are
abar 1-10 microms in thickness.

5. The composing of claim 1 comprisicg 2t bexsl ko sub-
Bmmanate ke,

&, e compasie of claim 1, whorem esch sub-lamanats
layer comprise al et ons anidirectional fpe comprismy
praralle] monofilaments cobodded in a e,

7. The compasite ol claim &, whercin sad monofilaments
have dameters less T abaut 2 microes aokd whisrem spac-
i berween individual mono@amests withis an sdpoining
strengthening, proup of monofibanenis & within 2 gp dis-
Lame i Hle repe between non-ahutting monodifments up 0
aberut nime: Times the menofilament magar dssneter.

& The composibs o dmm b, wherein soid monofilaments
berves modulis greer thas 10000 psi and Sxbare soengil
gresser than greater than 106 10" pai

&, The compasiie of claim & compmsmg, rao midirecibonal
Lapes artemited &6 o cross-ply, wherein the parsibed meoaafila-
memis pressnl in one tpe ans 00 relstive o the paralic]
manofilamerds present in the other G,

L0 T comnposine of chyim &, wherein sid tapes total fior
ina ply group, and wherein the parallel moncdifamemts withm
each of emd foor inpes hrmee relative arentstion of 00439
5",

11, Tz cxonnpeirsatee aof claim b, wherein sid tapes (tal mis
ina ply groug, and wherein the paralle] enooofilamests within
each of smid nine @pes have o relaive orentates of 05722
e L B T B e e

12. The compesits of clatm b, wherein said mopo[Alamantz
aire: exinuded or pultruded.

13, Thecmmposane of claam b, wherein said resin compriss:
from 1% to 50% of the total arcal weaght of sad tape.




