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LIGHT-WEIGHT SEMI-RIGCTD COMPOSITE
ANTI-BALLISTIC SYATEMS WI'TIH
ENCINEERED COMPLIAMCE AND

RATE-SEMSITIVE IMPACT RESPOMSE

CROSS-REFERFENCE TO RELATED
APPLICATIONS

(8001]  This spphicaiion clams proricy w LS. Provisogsl
Patend Application Ser, Mo, 61730805, fiked bar. 15, 213,
which is incomporated herein in its entirety.

BaCKGROUMD

0002  Balated diselosures are foud in 115, Par. Mo, 5,470,
2, entithed “COMPOSITE MATERIAL FOR FABRICA-
TIOM OF SAILE AND OTHER ARTICLEE™ which wes
issmed an Mo, 28, 1995, and 115 Pac, Mo, 3,335 508, entitled
“MATERIAL FOR THE FABRRRNZATION OF SAILS™ which
was isswed on Mg, X, 1599 and U5, patend applicaticn Ser.
Mo 13168, 902, likel Jum, 24, 200 1 enbithed =WATTERPROCE
BREATHABLE COMPOSITE MATERLALS FOR FABR]-
CATHON OF FLEXIBLE MEMDBRANES AMD OTHER
ARTICLES: and ULS, pmem sppheaton Ser Mo, 130157,
T41, Aled A, 3, 2011 entitled “SYSTEM AND METHOD
FOR THE TRAMNSFER OF COLOR AND OTHER PHYSI-
CAL PROPERTIES TO LAMINATE COMPOSITE MMATE-
RIALE AND OTIIER AKTICLES”, the confents of all of
whach ape hereby incamonaned by rifierence for any purpose
i their entirety.

[0003] This Dweention selames o peoviding  woprowed
mnofibment-relatnd prodiens, metheds, and eguipmenl
Mfore paticwlar]y, s iventbon relates to providioeg sysicms
for deshgn sl mgmcnire of prodscts naing the ehoole-
= anad usefal arts berein taoght and embodied. Even more
particalardy, this onvenior provides improvements in effi-
wienlly contmollicz properlics of fabric-relased .
iselnding bul net lmited %o weighl, fgidity, pencimbility,
waierpeoaf-abilicy, bresibabiline color. mobd-abiliny, cost
cugamiznbality, Bexibolity, package-abdlmy, ere. mchodmg
alesired combinalions of such propertes.

(i) [n ihe past, cthers: hag been dffieshy o achieang
dezare] combicntices of guch propeatic, especially with
regard 1o fabricarelated prodocis like clothing and shoes,
campirg aed hiking goods, comfortshle amor. proleciie
infiztables, etc.

[5]  Thasinvention mone particoelary relales o providing
i system far improved compesite antishallistic systems. Mone
particulardy this imvention relates io providiog o system for
composite anti-ballistic systems utilizing composite materis
als of varying propertics,

[E06]  Corrdnt sobfer persemal probacticn for anti-bellisik:
prodection is genemlly either by the commaon SAPI armor
plates or by coursennoms] sodt veste, Bipd cmunic SAPL
plaies provide effective provection, bai they limit modihioy and
are nneomiprable, which distescts soldiers in the Geld and
imduces unpecessary mpid Btigoe. Additionally, SAP plates
are wery smscepuble w senous damage due W impacts
eidemic 10 soldier"s operations inthe ekl and the damags iz
dilficuh s deteo, impossible 10 repair and can resialn in ser-
us or lwolal degmadation io ballistic protection. SAFI plates
alag b poor profection of clesely-spaand muluple his.

Mar. 26, 2013

OBIECTS AND FEATURES OF THE DNVEMTION

[0007T] A primary abject and feature of the present inven-
tian s o pronvide @ sypiem overoming the above-mentaned
peohlcm.

e8] Another primoey object sl feature of T prisent
immlion is e provide a sysicm o finestune, at desired places
1 & P, dhreetional aminal of rigidhity Tlexibilityelas-
Hrity properiie:.

[0%) et anodher primany ohject and Feature ol the preseog
D BRI provede prodecie combanang, extneme Ight
wislghl wilh exireme sirength.

(01w ftis a forther object znd feature of the present igven-
Goea k& provide such a system prowiding contineous bulk
mundacioee ol soch prosluds and beir comslloenl pars.
(11]  Amother obpecd and fevture of the present ivention
is o provide adaptability o the various stations of such con-
tiitns bk manu Eesturimg, gyshem

10ei1Z]  Ires o foether ciject amd featun: of the present ven-
tica bo provide soch a system providiog composTie aoti-hal-
Hismie devices.

(0013 Ancdher ohjoct and ferure of the gresent imvetiog
15 ta provide such a system beving, multiphe nested sub-lani-
rutis mamuiisnmed fnm Eyvers of unidinctional meoafila-
ments.

|e014] A .I’l.'n‘l]l.uruhjnn.ml feature of the present imvendion
1510 provide such b sysem mads from exginsenng fibers wit
anti-hallistic properies,

[B0TS] 10k amalher ohject and Bmture of the present imeen-
tion fx provide such a svstem comprising polvmer Eamss
mlerials and interlacial maledals enginecred for controlled
compliance, defoemation, energy release and rale sensitive
behavior

[e016] A fisther primary objed and fztars of the preseot
invuntion is o provide such a syslem that is efficient, inex-
pensve, and handy. Other abjocts and features of this inven-
tiom will become spparn with felerence 10 e folkwing
deseriplions.

SUMMARY OF TIE INVEMTION

[07]  Insccordance with a prefaned ambodiment luemeod,
this imvention provides a laminmte incloding reinforcieg cle-
memls therein, such reinloncing elements including at Jesst
oo unidirectional tape having maoncfilamends therein, all of
svach momo il aments [yiog m a predeterenned dansstion witin
lhe tape. wherein soch menafilamens have diameters kess
iham B0 micoes and wiheran spacisg beraem wdividual
manefilaments within an adjining sirengihening group of
menofilaments is withio s gop disiocs i the moge berween
nom-ghusting, monofilameeni=s ap 10 nine 1imes the monodils-
mesmit major dinmeter,

[0F1E] Moremver, it provides such a laminwie whesein such
ma il ane corraded. Addstonaliy, i prosades such =
lamirate wherzin sach reinforcing clements inchude an least
two unidsrectional e, cach laving, exroded moneila-
menls Iherem, all of such moroflamenis bring in a predeter-
mined direction within the ape, whercin such monolilaroes
liavw: chameiers bess than 200 microos aml whervin specing
beiwesen indihidual monolilinens wihin a8 aljoimog
sinengrhening eroup of oooelilaimenls is within a gap dis-
LamgE i T range beraeem non-abutling manalilaments ap s
mancrimes e momofitament major dizmeter, Alza, it provides
such a laminate whersin each of soch & ket two wnidirec-
Goeal Epes inchxdes larger areas withont monoflaments
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energy o provids ballisiie proseetion i a form than b sul-
ficient, controlled dgidity nnder ballinee mmpact 10 provade
the necessary fapetions of ami pesedrainon, bood sproadicg,
impact energy manngement nnd shock mnaERpEnEs, Soch
crientation of livers further peovide sufficient fheabaloy amd
compliaoos when worn et lass of mohility and mnge of
eneic is mindnsed, and W soumfort iz meproved. These
mmprovemonts cnhance combal elfeciivencss and mimmize
cperstor fatigue doe o raduced mebiliny and netrictioa of
rangé of meica encounbered with fgid SAP plaes.

[Bn34]  Allbowgh the syslem mny be integrated ingo & svs-
tem alio utilizang 5 coramie or wetalls compomenl, the pure
cumpasiie implementaiion of the sysiem is o suseepribis w
wzpaet damage like abserved in a cormmic SATPT plate 2nd is
INSEEENIVE 10 M0sT porna] in-service incidentz] impacts, The
system blso exbobils superior protection agamst mulliple
clasespaced hits. Sanee the avssem docs ot absorh signilicant
percentnpes maishare, the resuling an-ballisiee syesem does
i paan waighl or become waler-legped doe o hydmlvsis.
The system alsn is protectsd fom degradsmon due o flex
fatigse, LIV radisstiom and empossure 1o mest agents ar chemi-
cal= pormally encoumered.

[0033] The system proferably comprizes a1 ks one cog-
pasie anti-balliste device. Sich o1 least one conmpEle infi-
hallstic device preferably comprises improved compliancs
siretchabiliny and fexbibty Ffor hipher mobility and bess
range-ol-moiann-reancon by preferably sng ot bast ame
maihti-layer, mudti-chrectianal sishlayer sppmach.

[0036] S ar hemsrons Dexibli ballsiic pane] i prefembhy
i (oo lavers of sub-lamisses, Tl sob-kaninates of the
pumnel svsem are prefesably mansfaonned from bovers of
unidirecizona] meoollaments of engincering, fibers hming,
amibnllistic propomics, & modnlos greater than 106106 pei
gl & faifoee srengprh in e ol D0 psi.

[O03F]  Swch ar lesst one avolu-Lyer, moli-girectional sub-
laminate approach preferably wes thin (less than & monofila-
men? dhameter for coaseniaons] menafilaments, less than
(05" for nlies thin or s menefibments, mpes, yams
libers) unitape tape loyers, altemately prefermbly imen or
mbeztamanar hyhridization of flaments, Such filamenss wc:j'—
crably comprisc varous engincering fbers with o Youeg s
Michibus of gver 1 mzn asd an altimsie wasile sireopth of
more than 100 K50, Sech Engnecrieg Ghers ml'mb]:r
inclade: TIBMWEE (swailable under the tmde names
Iryeemn and Specra), Ammsd (omileble ool The b
nnss: ek and Twamon), PEC iber under the Zylon nzme,
liquid crystal polymer YWectran, glass fibers such a5 E and 5
glagz, M5 libers, warbon mmd por-aramid under the Tachnpes
name Such Engineered [hers preferably forther include
nano-filamenss, naD0-ropes, NADo-Yams, CEn=bws, St
iy, s o nano-fil then prelembly may be incorporied
intn the vnitape laves, with the woitape andfor spphied 1o e
outer surface of the unitape, Such 2 least one nano-naterial
may be applied to the owter surfsce of individual menoedila-
mests By pano speay, ckediren hiam deposilion, sputieing,
vapor deposition. aimeospheric plasma depositGon, infision,
ar as part af polymer coming. Such eoming sludl preferably
camnprige: a fross linking sysiom with a thormal activation,
altermately prefemhly twe pun sellcurng, aliemany prfir-
ahby mdistion cored gsch s B-beaun, BF cunnd, UV cured. e
heat cured. The surfoce of the fibers, the surfaes of the nane-
commpinenl /o the polymeer resin may all he provided widl
chemically repctive funciional proaps thal ensbe o simayg
chomical bond between the mosafilomen surfves, e fumo-
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cumpanend, the shoo fiker comiponen or the fesin, w0 umpamas
adbusion and enhancs enengy dissipation,

[ei38]  Indivicual oostape plics may wry from 1580
w'm"2 of arcl dessiny, The onitspe poefirsbly contin one
simgle cliss of fber such as Azmid, THMWEE, glags, oo,
aliemately prefernbly contsin & combnation of classes ar
styles (same class of fiber b Eiffiment spec for cxamplc),
aliematcly preferably amy coombmaion of the aboss prelie-
ably in 2 predecoined pancrn or configarstion. The dillier-
ol [iber Lypes meny be discrete aliernating seis of cach mane-
rial sepreas b wielth or thackness ol the wnitape or they can he
distriberted in a mndform imermioed ar comnpled ':'-"':'JIH-'-"F:"
tiom, Thesas umilapes may be layered in any combiration of
maierials withm each layer of the sub-lammate. Bxamples are
baving o sab-laminsie made oo anly one grade of Armid
suchas Kevlar or UHMWIEFE Dyvneema monobilarent in cach
unitape in the sub-laminaie, oo by wsieg one or more differcm
unitapes in lhe sub-laminate whersn ench unitaps is made
Troam e type ol mosofilamdeor, Anolber example s having o
unitupe e up of bybeid unitape with nulfiple Gl 1ypes
incorparaed wmoeach bover bur Eeedng all the initape in Che
anb-Raminate mewks fromm the sme specification of Tyrbrid. et
amotber example is the most generml where the sub-lammsaie 2
s from ventapes with mulliple mixes of fiker in the unis
tape and mubtiple rypes of unnape nged 1o ks wp he @b
Tamanate.

[#039]  Iedividual unitapes within the sub-laminaie iy
aliemately prefershly alio be made froo daffezmg, fiber arl
cimgniex, Hybrid sub-laminates of this kind con proside
gl ballislic perfonmance when one afthe types of fiher
may provide seperion proteton dedir some conditions bat
may nod provide adeguate prolection uder anolssr ser of
comnditions, A gl emnple wonld b the we ol UTIRMWEPE
meakdilaments, which provide cxocllent anti-ballistic pronec-
ticn ander mest conditicis br arg lrored 1o theic abifiny
proled fm same impacts by incendiary peojectiles ihat
e temp et hionis of U ke polymer. Keviaror FRO
Ervheids can inyprose the ability of the UTIMWEE base lare-
mile o protes! agains the incendiary prjectile due 10 the
higher semperamorg capabilines of e ammid or PRO
meafilaments, Uzing monafilaments of dissimilar propes.
tiss can aleo improve the halliene npo perfommane:
bz Ihe intcractions of the dissimilar menofilaments can
genere significan) impec cnergy sheorpiion, shoek disipa-
tiom and comirolled deformations doe ta the Encompatilsiliny of
st betwin the disimilar monedilaments.

(8040  The minimum somber of phes of i @ob-laminans
can be delermined by semi-empirical methods to find the
agperureie sumber of plos needed to bring the specific
balfistic performance of the sheet up e e level mas coan-
paratle b the monedithic plate cose by oblzning the optimum
“Jarnanarion effec.” ALy certain pomber ol unitape lyyers the
improvement i ballistc perfommancs kevels off and flie num-
bor af plies is determined by the wme of o sab-laminoge thack-
iHzAE At peoee ki The dhegnos of llew desired, 2= shown in FIG.
1.

[@Dd1] Fachomidirectional phycan be onenssd in any preen
in-plme sngle. The simplest is 8 wo-direclion, crss-phy
Jor= e | inn which is easy i fnbricate bur offien
does mot provide the best ballistie peotection noe the bl
rexigance fo ghbal panel deformation nor g "hack wall
deformmtion.” Fack wall defoemation is the arca directhy
under the impact area where the laminate & exeoded &
pushix] back into the body of the wearer, which can canse
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vismoelastic, dilstion mlerlayers. The mosl clfective of he
crmmireread gyvetems arein e fore of hghracaplhn fooema tha
alborer for s meorporation of relaine thack layers with mini-
mal weight increase. The fexibility of the panel is enhanced
by i case of thicker compliant loyers, which is derivable
frm a mahility and camfort perspeciive. Use of thicker comnz-
pliant lawors also memseses The thickmes: o the global panel
sysremn. Thas trickness inercase by el dos nor generally
limit mokifity or restrict moeticn sinoe Aexibilily is sctmdly
colpmneed, This ncrensed dlbckness doss significonly
meremse e wllioctive saction mesdube: ol the plobal P
svabenn dusang the trmnsient Agid sese usder impoect which cen
sigmificantly increase the “effective suffness™ of the mpd
peml, = sheratn an P 6,

[B039]  Focexample, Gz ooe 1" monedithn: pene] = booken
up ik 4 sab-lamirate: with viscockne: bogens thar bring the
sarnl thoekissss of the pame] up e 1,57, i this caseibs section
mesdulng of the monelithic plate is prefermbly dessrmined by
the foemulas:

S Wedulm=(1 P e meatlitkic

St 1.59°77E far

skl 1

o3 L | I

[0 Mote: 50 the effective stiffness of the dgid panel
under impact bas 2.25 times the stiffvess and resistancs 1o
defostnatm

[h61] The “rigidized™ complimee Eoer cam el e o cone
maierinl mnder Empact io improve the strochoral poperties of
panc] system globalhe. The viscoclslic kyvers preferably can
also be enginesnead o provids some progression of kod trans-
Ter icto the individual sub-laminates as e mpact oent
propresses Theonph the pancel system which can imgrove lead
spred, dnirgy eanagpement and sontrbane 1 endumeed -

XL

[006Z]  Addimionally, appheant’s coginesred viscnelne
dilstion lsyers peeferably peovide improved anii-ballistc
properiaes, and improsed flsabalny for bemer makality ad
increased ranpe of modion withoot adding excessne weizht
aodfor el This dgidizing, or “freering,” hehaviar wnder
impact kad preleraby provides muliple benefits includng:
1. dasrrbuming the impact leads, 10 spread theen wiikin the
assembly reducicg maximum poek koads and  associted
injury; 2. restricting, deformation of the panel in the sut-of-
Pl danectiony, ks redisang “back wall deformation™ i 15
a mizsure of hoe much e pamel i defbocied inssand poratands
b bochy af the weurer; 3. ncreasmp theans of the pane] wsed
T sezast Thee ampset far beier energy absarptics and shock
dmspapatin; and, 4, allowing imgroved resistance ia prajectile
penerstion by optimizing ibe pm:;lﬁma: respumse of the
panc] system 1o the projecttle as 1 strikes and enters the pomel.
[M3]  The system preferably furher comprises hybo dza-
Urine o b Ty peess by canpbicsstions of isterlamissr liybhndes-
13 {dilferent hallistic fiher type bver by baver), altermasely
preferably imtralamioer hybrideation (one o mers dilTermt
fiker types within o layer to a predetermined patiern or
dexipnl, as shown n FIG. T, allermabsly prefenily cominglhad
(twa or mone fiber Lypes generally mifoomby mixed 2l thae
eoogrlilament Jevel}, as shown in FlGe 8.

|Eb6d] The sy=em alermalely prefembly  comprises
Bbesdlizaria vaa dafferent fiker types (6. Dyneenaand Kev-
larl. Alemuicly prefiemably, e system comprzses bybodiza-
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tiom vizdiflerent stybes, altemately prelizmbly dillerent pood-
el foems, alicmedely  preferably different  mechanical
propertics of the sane or simibe Gher or monefilament .o,
Iryoeeema SED 76 hyhridized with Dyneema SE90, aor Fylon
HM frybaidized weith krwer modutus £ylon), This approach is
cxpeially meelul when signalicinl improvmments m ane fiber
T sre affaen by recisetion i another ertical propeTy
[0065] For example, seane Dvneensy fibers have been
derwm 0 2 very fine filament which improves in-plone
respomas bl inlrosluis s ot Bmitaions whech preven
full realization of the Ghers amii-ballistic potentinl. Lampger
drameter UHMWPE tibera may have kower pooperies bt
their thicker filamests combined with o sfighdly different
micrsineciure G comsbioe e provide Ingher overll ao-
bedlistne: perfornsmce and protection thes either sos g
capable of imdependenily. The system preferably comprises
uu,['amw.mu'n or aptimnizntien of the halligic performance of
the monedilzments, preferahly by nse of fher surface tneal-
ments, surlace memnaliabon, surfeoe soatmps, sucface
gradting aselior depa st with one oF moee Typss ar lyers 1o
Crplui i v s pomsa fnd integraton of the moaofilanseiz o
the: meir,

[M66] The syslem prelerably farher comprise: engi-
nixzned fiber, preferably manrny anserfaciad propermes by nseof
fier porfice westnentg, susfsce functionalization, aarface
ooalings, surbsa: graflting andfor deposalion will Gme or more
types ar lnvers iooptimine the response and integration of the
menefiksments o the et

[0&T] The sy=tem prefermbly frber compemes inoanporn-
tiem of varong e sensitive polvmess asdior mon-aonsen
compasites of vagious fibers and polymers, pmﬁunb'l_'.- Lo i
choce a ke sensilive system, prelfermbly in sralegie inberami-
nar apd immlamirer locations for metrix and irtrlaminar
iherfaans,

[0e68]  The svaten preferably fortber cospemes, eopi-
neered micr fimws in monofilaments, prefeably o promabe
vplimized lomliad massive simueleecus maycro-frctoee of
filamexns, preterably 1o vk sdvastage of e inheret luph
sirmin coergy relense b thresbolds relined 1o the high Woek-
Encrgy-To-[nitiste-Fracture propenties prefershly combined
with the high internal bysteresis aszociabed energy dsspaton
with past failuro relaxation with some anti-ballistic monoila-
menls wch as UHMWTE and M3 libers,

|65  The sub-leminales may be made ffom o single amii-
bualizaric e filament, oe soaliple fibees may he combined to
create a byboid of many types of moneilaments.

[wi70]  Hybridizon ey be m othe global paned fevel
whiere sub-Faminaice i mdEvidoally masnfecrord o one
typer ol monalilament bt vl 2ieb-lurmnnate consting of
different types of monedilamsest moy be vsed in a desired
comfigaration. At lenst one pon-hyhrid sob-laminate (5.
UHMWPE, Aramid, PEC, glass) along with suh-lnminases
feamunng wmnaus forms andior combinations af ther classes
ar hyhridization schemes may altemately prefembly be wed
i & canfiparstice,

[0FF1] Al of the sub-lnmirate: in a pane]l may be made
from one Emple cle ol fiber doch s UHMWEE, A,
FEO, Glass, etc. if desired. Panels made this way can becither
(it e el o betmer it the weares, 10 the paseds are carved,
L sub-Lemminates ey be lommed suclh et tuey et gl
properly when stocked to form the tomi minate plate sys-
LT,

J0&72X]  The oorved sections preferably are press foemed.
alpermately preferably are aunoclave formsed, alermely pref-
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14_ An amitbalbietie devies comprising af least ane antibal-
Betic coaposne, id aptitallistic compasite comprisieg:

(2] mulnipli: sab-lamivene leyers; and

[} viscoelnsric dilatary material disiovhutead 23 mnerlavers

hitosen emd eab-laminste Lagers:

wherein mid viscoslastic dilalwry materssl covenis from

sl camplian waterial 10 @1 nserlayers when sid
compasite 13 subjeensd o mpact.

15. The device of claim 14, wheran cach sub-lenimnme
layer compeises a1 least ane unidirectional @pe compoising
paralle]l monolliments snbeddod s s, :

1h. The device ol claim 14 comprising multiple malibalhs-
tic composites pesled s a plate gysien.

17. The device of chxim 14 furthes comprising a ceramas or
rnvistal e com e,

18, The device of claim 14, wherein smd vissselan: dils-
ary malerial comprises a e-gensitiee high-me siiffening
polymer ar a polymer foam.

19, The devies of claim 14, wherein said device 18 S0 10
prvvide anti-pooctrotion, Jowd spriadog, anspeol manoge-
meml and ghock mansgemnent o 1he wearners,

2i1. The device af clazm 19, whirein said deies 55 a vest,

* ¥ Ll ¥ L
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