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WO 2004/ 109217 PCT/ US2004/ 017393 CORRUGATED BALLI STI C
ARMOR BACKGROUND OF THE I NVENTION 1. Field of the
wo poognod20n This invention relates to balli sti cPEr/IBS2004/017393
More particularly, the invention relates to fibrous
conposites conprising corrugated el enents and having 5
i nproved resistance to penetration by ballistic
projectiles QORRUGATED BALLISTIGOARMORf the
i nvention are useful in vehicle and aircraft arnor,
br east pl at es, hand hel d shlelds hel nets,
architectural 8 ROUND NVENTION |
' nt and other appl i cations. 2.
1'§§§k$§% I on Oﬁ%%ﬁe Rel ated Art 10 Fi ber-based

conphisiihesntfopr relxtes ks ballisticainséraiVos particalzrly Ugke ingention
hel nets .and vests have been in use for
relgwé@h%c%aeos@wwm p@réggateﬂs%fprayntﬁaaqﬁ having
S0LE e e A6 Ry Pop B3RS Ao Bt g, he
compdsiteseof thieénvabdoorarptusefid irnfehiale arxt aiceraftexivor dpreastplates,

- ha R S PR S A Bl R Bl P RS

explebhenaagsEesntadrl étﬁléﬂé Ifationanpl e, in USP's
% 268, 301 131; 6, 248, p%Sl 6, 219, 842 131:

2. @?@Fﬂp@@g‘ Ofsﬂwslietasedﬁs'tssz 208: 5, 330, 820:;

5, 160G 7eee 0o iy 3Ryt Bidtputh 2 paRdt

heletd 2n66éstShAElbEASIN G s398ral deBades238uch composites
4. 916, 000; 4, 883, 700; 4,820,568; 4, 748,064; 4,737,402;
disglaypryipg degress ofresistarngefoqemeirayon by datlistizsmpact from

el 535 40584 200 A5 By i
resgstAntxaBAposites vehit!d 8tlugribighciteingth fibers. made ﬁunﬂmter[ais such
oo TR o SRR oA Pl i
6, 2%%031)10@ €X6, DUBe76 By b8y 849 Hil: lBIe7 7, 02215 £388Y 28bi 5 5%2"2%3”8

i ncl udi ng ‘corrugat ed conponents has been describ

5,386/820); 6, B6725% 5, £90,808; 5,18492616,185519% 5B675,040; Biio7 876,
5 B8R 3R T G R B SR e p O Tl 3 O PR 858 24
4 QTBtC&JO BBI, ‘HDO P, 82@ 568 4 7481064 4F3MA0R 4, 7SEI0RM 681, 792;
4,68 YRR 4 679 535, 4 584,347 4,563, 392; 4,543,286; 4,501,856;
4,457,985; and 4,403,012; PCT Publication No. WO 91/12136; and a 1984
publication of E.I. du Pont De Nemours International S.A. entitled “Lightweight
Composite Hard Armor Non Apparel Systems with T-963 3300 dtex DuPont
Kevlar 29 Fibre” |

Ballistic armor including corrugated components has been described in
USP’s 6,357,332 B1 and 5,149,910. USP 6,357,332 B1 describes
metallic/intermetallic composite laminates. USP 5,149,910 describes an armor
with a corrugated metal spoiler piate in front of aiumina tiles and an aluminum

anvil.
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WO 2004/ 109217 PCT/ US2004/ 017393 Corrugated conposite
materials of many types have been well known for many
wordwenoqpur poses. A corrugated bl anket conpri siPQI/Osza4/017393

oL ok Y AR BT LRI R el for
masy afbien pufpasesa ﬁoummgaitgg m’fkelkt; eomnsimgahigh slrehgth low
md8ST elrshaLR oS sdergbpd i DoBt §573IS1 B use in capturing
pdr@ned Fmgﬁ?ﬁ‘)m a%hr@hﬁg‘?ﬁéc‘?l sbith fe?eﬁﬁﬁj\]eumf’ F88, 503

| ower transverse rs wth unidirectio
deseribes é@oﬁ'@ng@bEwnp@sltet andheohsisting afia mhte‘nﬂl;anfelmhgltudmal

e pRa AR E b i e 13 iRt tayern iy figactional
filaraeatsl lentstl popenttilarab thdRrgRuARARIERRMts. USBP 4,946,721
3,917,030 describes 1o stress-limting devices,

deshdbPeriA sgTHaReGRAMRPSHenBR the ahwﬂmonﬁemvgyadwera@apr@asure

SN OIS0 BRGQBRR. IS 1558 e

_ stres6-| mtlltlmgadewcéxa sncs adiegiaciugated mkatbeds. t@ddﬁﬂ@rﬁ&lf}g céfdgated

d te bodi Each
caf e Sanelfhes Bale boeBi SSE <At eI dhe Sarn yeReS otiae0”
cefifury ! £P1O 42@@%%1 H@séﬂ'ﬁes M@Va‘ﬁ?ﬁ‘}@%@d‘ﬂgﬁéﬁ‘?ng %‘ﬁd

constructions of the conposli tes this I nven
shgaan@m@htsm refrigated|domyfositadodéasds net by this

b
oo ERh R 1ok FRENRRE ARk e an FliahenTh ihe Slafe et ¢
redpRidtio I@He heweP&horRs 8idg eﬁt@tméﬂ%bﬁo@bﬁh%scorﬁﬁ&rﬁs of this

are severe Ilmtatlons on weight. It is Inperative In
invenian @ NeRe s@wleﬁr%\kofdhweeﬁamtuban thisjoveatian. t he

Pl Ak R gl SRR A B %
mlhiahaa|mdftmml@bbtaﬁfb@d)eammrtﬁncbﬁédd héﬂdostféiab StherRs 8re severe

OF THE | NVENTI'ON This invention relates to
'mﬁa%a@ depighty ligs dmpsraiiyeiin s5ch applicptionsdhalarmarnaterials

ha\?@‘tf%‘ﬁ&gﬁ%gﬂpﬁsﬁgﬁé@! b%fllsﬁ@%fféétﬂféﬁ%s%% Pﬁﬁ@:{]}f We'tlgﬁrg Wneed exists
forimatenialsahai proaidesenhastced-weightséfficienay bf bakistid resistance.
manuf acture conprising a plurality of corrugations.
The corrugated article conprises a plurality of |ayers

of high strengtSuMmMARY OFSTHE INVENTON | br ous
networks in a matri x, wherein the erfrective thickness

T of hisHaventionirefates teeorsugated fibraus @mpmsqasdmmmg supertor

.08 alit. ers
weldhf ek T aeslS oSO el Rlon BF sBINGE prisetls, [ ShS
enbodﬂnmthﬂfe invdebrerd balliSt-tgsistaiti ficleof anufacture comprising
l? | istic-resjistant article of

a plurality of corrugations. The corrugated article comprises a plurality of layers of
high strength, high tensile modulus fibrous networks in a matrix, wherein the
effective thickness T of the ballistic-resistant article, in proportion to the thickness
dimension of the plurality of layers of fibrous networks t, is from about 1.2 to about
10. .

In another embodiment, the invention is a ballistic-resistant article of
manufacture comprising: an element comprising a plurality of corrugations, a front

face, a rear face, and a panel attached to at least one of the faces. The
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manuf act ure conprising: an el enent conprising a
plurality of corrugations, a front face, a rear face,
wapasaopanel attached to at | east one of the fBCEES20041€17393

217 PCT/ US2004/ 017393 cor.r ted el ement |
g ed gris s TR ept prs SR Kengin riah st
mioelokis! fibrouHetwisiks irba Mitrin QUMErelrStHe e fRediBb thiskndEsha
the effective thickness of the corrugated elenent, In

CHTPA P, i CPRrEviedse dhinkmRSSmensica of sai pluraify of
S PP Rl S P b2 G BRRLIS L o e ¢ he

i nvelntyied anbthear eoddddimentthedalattion isar balistR-Rfsistant article of
a front face, a rear face an

manuf act ure conprisin i .and_a
manEsTe FomPrisiia:e Toph freo roaiacs|ancta pbimity Eslies. Each of
Rl pris LK) LSS RKRcRS BT br KR 1
strengih,high tensilameedulus fiheusfriatwbiksdn a matrkoesereih thaelfective

' roportion to rhe thickness, . .
RAENEBE SeciPedruddtal ol o biRpelich by e tsRepSs Gasnsion e ts
rebpectivelsiutaliy. & lagerabruffort Giboan g 2MdeRiUr 10h8nd Fherein the
direction of the corrugations in one ply is rotat eg

difgctign of Heeerrygrtions iaionedly isrotated vl respeotdatthe cirection of
th@R8HREEIGYn BRUFE. PESCR PTI ON OF THE DRAWNGS 15 In

t he aCconpanyl ng dr'awi ng figures: Figure 1 illustrates

one met hod of producing a corrugated ballistic-

resistant ar --4 C ' IBIJ-' froma

bal | i stic-res 2 WBRAWINGS: ¢ |

. a-corrugated

Fi 9Up heabSorpfin eRANNY &I
bal I'i sti g-res?iﬁn%]@gﬂnpél W(r) ‘the invention along a

z- x pigwe Taustedten eteimethiogwf praducy Bicgumgated bsallistic-
roBis i BHESS Bl iR GRE B0 = Beloeht tskistaidh it fmnebotthe pricr art.

cr eRigury 2id18 seefidri 3idvpBFa cﬁiﬂ?éfé&@aliiﬁicaregls?éht‘éirﬁt% of the
of a corrugated ballistic-resistant article of the

inYWi@ﬁtqlW Aizex Blanetasedefinadig diigwes!.are di npl es and
7 o ntes s A8 Bouwidid Bfugatty BUliSdeusih 3Bl S e

inerdientdlangbn xheplant tangentltd $he ergsesbisthaordigatiehe of
anel is bonded to one of the

the d. nven%i on ig;ﬁr,ei n_a )NC _ _
f acfég%‘ie A5 BBIANGAY & actAHgated balliglic-eesstast article of the
_ e o ke : ti ol th
RSkl el BB o USSR AR e
pané&iigurerdb Isondectianal gimwhalohg tie AFB péenebf Fighee 4a.

cor ted. el enent. | . - . .
H’&?reeéjls a sggnonal view of a ballistic-resistant article of the invention

wherein a panel is bonded to one of the faces of the corrugated element.

Figure 6 is a sectional view of a ballistic-resistant article of the invention
with cylindrical curvature wherein face panels are bonded to each of the faces of
the corrugated element.

Figure 7 is a cutaway drawing illustrating a three-ply ballistic-resistant
article of the invention comprising a flat outer panel and two corrugated plies with
the directions of the corrugations in the adjacent plies arranged at right angles to

one another.
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30 Figure 7 is a cutaway drawing illustrating a
three-ply ballistic-resistant article of the
WO pwened2on conprising a flat outer panel and tmMOI/US2004/017393
cor rRigared illsteted\h nfbldindeisinafsuitape of tHe!"'r%oldlngI; oLcorrugated
corrugations in the adjacent plies arranged at t
Pay@l-es to one another. 3. WD 2004/ 109217
PCT/ US2004/ 017393 Figure 8 illustrates a nol ding
di e-hal f sui tabl e for the nol di ng of corruated
panel s. DETA - {1 YD v

v 'ﬁﬂ%@?‘?@?brﬁéﬁesgﬁéﬁ?@ﬁ@? ahlds °¢5§PF§%?”E§5§1?¢ Vg guperior
wepglmlmff ciehoy obsheshmiahd:@zd perpteitiontty whstldbr@J&tlles In one
on is a corrug
erien TN, dhé diEcignLS drceruieatest ba'h%wpgtsﬁ@meamq:le@f
mé}ﬁ)fé@tgr@ iR Lﬁé‘x}lhéaéi ohirafi§’ cff%ﬁhggﬁéns Tife bafhstlc-re?lstan% article
[istic-feesistant artic rises a

com;;y§e§ agpluralighoklayersgefrhigin styengthn Islghetenslthmmmustfrbwss
n,the

TN I ML R —

" arficlofinprbeartiba tb itfe tHitKHERS SSmEhSBATIcPBald Miliratid) ?f layers of

Iurallty of layers of fibrous networks, is
fibEps metwopks, és fipmabad 1.2 to about ¥ under st ood that a

s R Hrslo oo 8 e o (i ioad Bl Berous

nefwdriris a nfétWt)ghcdrﬁpﬂimg mﬂnmstréng]h iigH whogultis BBershag hfgh
| east about /d and a nodul us

strghdy high ogilisdioee hs ARLSs AT HlerdaRoUAS./d 300 amadulus
of @%sﬂ&ﬂﬁg Mo AGTY o%ég?ta%%fpnﬁyd %%Zneaéimed RS TI™

nd a strain‘rate o
DZQ@BIatsit& inel ¢25.4tcamt gargsi lehgth arfd & lséraimnege bf 000%sainude

cur vt peliduErddithn aBhEs c Bt i ag ot nchide, Prskdisty planar
forfid tyalimkj Rlo ol PHCturPhRIRE LURMREY “f@rn‘f@ab{a\flﬁg ou- of-glane

cylindrical, saddle-shaped or of any conple
CUW&W"?C dihgr pyt-ofrRlanel Criy adUre oray be gpbntriaal, tﬂwdiﬁiﬁlhamﬂ}j of of any

T L R R

bodprrugating a flat panel conprising Iayers of high
st gth, hi h 25 tensile nodul us fibrous networks in
ng\ﬂrqsﬁen%' PlROak eQfegpied cpmggsite of the invantigmmaly beto

B AUy BB,
tersile srastiilag filetops atedworksda sumatran dsulmmetett inr Eighes e @i¥iat panel
10 %?)@%Eﬁg\gc% rgg,uuraﬁy @q\pré/?elrzlf géﬁ pﬁ%’treﬁg l% %Je%%ﬁlg Orlnorc(I)lelles(,:3 1E| Ec;rous
networks in a matrix is pressed at elevated pressure and temperature between
matched corrugated rollers 30. The corrugated rollers are provided with vertically
extending ridges 40, 50 and grooves that are impressed into the flat panel 10 to
produce a corrugated article of the invention 20. This method is useful for
continuous production of essentially planar corrugated articles of indefinite length.
Alternatively, a corrugated composite panel of limited dimensions may be
formed by pressing a flat panel at sufficient time, temperature and pressure
between stationary matched dies having the desired corrugations. Molding
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extendi ng ridges 40, 50 and grooves that are inpressed
into the flat panel 10 to 30 produce a corrugated
w@eaosade1df the invention 20. This nethod is uref/ub2000017393

' 0
ek BUER) ARG e8 s SABELAELBUARINTAGY Lot
coagusitga é the invpntior hawagﬂonqﬂamarrflbtmsl sdbhfi”f@@ﬂh@hf btﬁ&f}éed in
b f essing a at panel at sufficien i e
3 orgﬁ?}%y A BY'BQ%QF&"%@WEM%FH‘P“ ananightae sRad for
mdpe desired corrugations. Mlding 4 WO

%%Z/ 109317 PCT/ US2004/ 017393 between stationary
mat Anéaf clinegosite prand suitdbkie for foseingl infooa batlistic negistant

cofi BB AR TRison St 8 rormisMos SReminla, By theprer art
m@thb@é dﬁe@&doh@‘éha gaaﬁmmé@w%vmbm&@ SFUsPasy, o1@bobe

A flat composite panel

5 53,5,2 Z%I %1148 r39f1 05;117691 ayfhfaadé M 72§,ttihe disglosiraatof which are

] SRSl bR e Bl el

hepawith. cuI arI y by the nethods of USP' s 4, 916, 000;
5,5 149, 391; 5,173,138, and 5 766 725, the
di s 95%?8 IHu%t{atﬁ,ﬁ.acqf%%éectm@‘@n eptivlly Rlangr corrugated

artidhé QDRﬁFtﬁ’é ﬁ‘ﬂ/eh}foﬁ i f?{eeilﬁ(i)lérié sEigird ‘?ml'h%%lckness dimension of

|ncorrpat| e 1o herewt gure2|I ustrates
the pokality of tayers of flbmuegebmrkalis t/ Prederably; dne trgekrms tis

coRbthElofhdh b Sl e et T 15 S

is @éfirfddoastte aetamneeetivsen PIaRé@ﬁ@aﬁcj’éHth thd'8 b@élfé‘élﬁ%%e% of two

is constant throughout the articl The ef ective
adigeepkerrsugations. tRiefarablyuifetastective thickness T is erfstanidhepsighout

thd Qﬁl 9—:‘ st ﬁé‘?&r&@éﬂ@a?ﬁé@ p?t‘ﬁe i n ;585 eg§ eafogﬁg%'@% from

SUT corrugatl

abbbel thb eabou ¢0f ;bne@érabm‘rdfn la&oabmﬂt@rébddﬂ BOUoshaciidBetween
article, The corrugated articles of the invention
the,grestssaf the-gorrugations iy theZorplansgsl. 1The cepskiiergrest spacing, in

prﬁ:gdtﬁl@t‘i aPihe tiwfdkﬁé?%’s i ri'stn?jweBPth%k}ﬂH l ongf r%prﬁ?fbp&s networks,

ween the cre corrugat I‘ons
L/tplsainemiabolut 2Ttheboue30.- Pocferaisy, Islptscﬁmlg about 2Qo about 20.

i e s R
deb@n@@ﬁ Whe BllistiE Biresed@hy it lé—éés#e%i tford%ma étu?é’ of‘ﬁ’fé%bers
. The thickness dinmension t of ura Ity o
and &@Qiﬂ!é, F1d thepgenmetne ofihekfbrois het\ftm”benahermamef ordinary skill in

o R s P s

pahdleofdefsatunisrthiestr kith fReeabtie seflediotis MYt §|’ffd LIt reflo£3he
the art will know how to select fibers, matri x and

corfrpg,%tpd wEticle ok thsibwentign willkperriy the use of fewer and therefore less
massive fibrous layers to defeat the same ballistic threat. For example, a

corrugated ballistic-resistant article of the inVention, when tested by MIL-STD
662E dated 22 January 1987 with a 9 mm 124 grain FMJ bullet, shows at least
10% greater specific energy absorption (J-m%kg) at the V50 velocity than a flat
plate having the same layers ‘of the same fibrous networks in the same matrix.
Figure 3 is a plan view of an essentially planar corrugated article of the
invention 20. The wavy lines 60 represent the trace of the crests of the
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panel to defeat this threat. Wth the above sel ections
of T/t and Lit ratios, the <corrugated article of the
WO pwened2on will permt the use of fewer and theeEi82004/017393
coregationS epoN & [lahe Célfgén@‘.&ﬁﬂ% $upftef ke bﬁﬁzléaﬁgeneral the
ballistic threat. For exanple, a corrugated
Cobralgitisns mezgsies traifie ey tplaeewith & periddisigni irvthe yWiRsction and
tested by ML-STD 30 662E dated 22 January 1987 with a
angplitude 34n ghaxndifédtiobu|Rreferalslhdvana® dreasinstakRthrotgRbS! the
speci fic energy absorption (J-n2/kg) at the V50
artide o Eireferabilpnthe méanderilgattio Bk e @rohhﬁerﬁé(ﬁarrhgdmrﬁcr@&ts
the sane fibrous networks in the sane matri x. Figure 3
foliw a ghiaightVineaodbaut e sRefdrably §/Lpisarsh zefs ta/gebad.o.
.article of the invention 20. The wavy |ines 60
r epfids dneferned thakibe astrugations ars appfoxirhately $dusoidal in z-x and

cof R BT, R R0 AR SR b PR, s
re@engtnlah Jtribhgulacor dtHeaidrarRSyifRAN&battihd fémthy lrWe?x'ﬂSn Figure
thag{erlodlmt ? in the y direction and

4ags arplap yiey gi @ QEEFHGﬁtedF&rE@éPéEJP?/ invegtian Qoawreer @tbﬁiﬂ?ant

" co BSOS forf b SbiEted SRt 8RAN ol IFUIABENAL an

1o 8/2 romzero céorru Ion cr
maindsi Bhin 4 heelraltplard 061 F]gur@réldaf israasotioBAal view dl60gnAZB o8 this
t o abou 9. It is preferred_that the corrugations
amzRgBRRHL o thise epydeiBi Sefilas Of e hyerlian 24 alsd possess a Ti
ratfy Pem-dRil 1O g aﬂs&yﬁ\mbrefb%lfﬁbﬁvaﬁédtol@ t&?%o@?ﬁ’ €

ot her shapes, such as "rectangular, trian ar or
ot h&t anefhes emborinentd t:_h;aalnven@orf tscmbamtm-ramstanmmcle of

ofaco ated article of
me e it is B R BletioY ruir S Bl aF Pofboetard. Bifiont
fadepamreaf facedrit @9anélséit%lﬂ1ba|tb}ét [t 8R8 WF e fHER! ahel 1
and  nounds 13 in a neutral plane 15. Figure 4b is a

CO%%%tPSr?é@m@nbwrapmﬁf aphirality ofiiayers of bigherieemgth, Tets tensile
mogPlUS RS nBbhorks 5 athatS WhEETE e ety BRRIERRS Sisaf

coraibgated klément, abpmpoﬁ’uod 1o thaahicRnesstiatirseir of $41€ plurality of
|nve ion is istic-resjistant article of 15

laygis, éFEPH? @eb’b%gﬂ ig |ffr?@1 agpuie] -gria mbOHéWnE@rmﬁJs@ Grogs-

secﬂfonC‘RI(f H0a% b98ntiafly tpfﬁ?ﬁag foﬁffl&ethlfeﬁﬁ% rﬁé’l‘fteofafﬁl% irfrention.

panel attached to a st one aces
Figsiee Bulljisteate s ewprplacamfpri s hia ephhodiineny having ayeospkine

CVIIHinQaISéL{&?@w&BQ' gh tensile nodulus fibrous networks

In a na Tein the effectlvethlckness of said

cor InugigLiesis e4 paﬂ@no ishatiRichBg fté Ia%rhfgattét?e
di mensj on of aid plurality of 20 a?/erso f|

plurglityret leyers ef m@bﬁiraa@ﬁhvt htghztenan@mdu Usdfibreig uetzwcfrks na

[ anar, .f or
mafhe P BBAE 8 el AR ERAERLALIN 81 2% L858 e tacing
a balhlst:sprcgemde a0n d’qu%cawaté@emnﬁénttﬂﬂ SosyElaeds BEN ratio, as
prewousR/gdeﬂned froﬁx about 1.2 to about 10, preferably from about 1.5 to about

mprlsmg a

9. The crest-to-crest spacing, in proportion to the thickness dimension of the
plurality of layers of fibrous networks, L/t as previously defined, is from about 2 to
about 30, more preferably from about 4 to about 20.
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cylindrical curvature 200. In Figure 5 a panel 70 is
attached to a corrugated el enent 20 conprising a 25
w@bkawnabd2ty of | ayers of high strength, high tePSi/U82004/017393

At dobnel ERREAIGsT gte%@ﬁsvfﬁﬁﬁ"“ b gl B0 & prfociciy a.in

thé 'IyQﬁrefcﬁSh N &h Qﬁgg@g' ré!:t?orPOPre%%b[}Pdeﬁ% afk
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cof8fdrf %%og{;l{]gu"ﬂ ;} %é‘ﬁcl% ?’rr%f@raﬂ?g Ucbe Wearme?lbﬁrrg% SI}(. rgﬁg)]es from

about to-crest “spaci ng
S f
B TR IS R TOTERT 3fdly S1L o
Zemﬁyg@@ml(ygdefl ned is fromabout 2 to about 30, nore
preferablé from about 4 to about 20. 6 WO 2004/109217
PCTHas=b 34 roafessdy haa adbicknass t renging frognabauis! /2t to about 2t.

Bt ey Yo Rk bt BeRE] PO SbtieBircf e Grour

. coﬁslsfueg abb;ce)(amrmd aSnGtGEan@ andtrality shapergssimigh Qleength hlgh

er abl the nmeandering ratio 81 X ran

I
fe'?%"&'rﬂ%@élva ﬂgwsr%} rsning Be{rex. + Bane)wf Qs fireter iply tﬁﬁ@?d to

efera has a thi ckness t
atthclmeabans spdced nmclabMamaltematemrmlgatnomrr ef erred

h ial f ' | 7Q i ted. f
t he I FUTsE B, Bie s AT tkiE BaS am dlemant 80 Sohiisrig &
coﬂhgé@dl dneebbintl pepkR 80 ahd 90 a&ﬁaﬁ:ﬁ@gtt@thé“fa@:@s o ﬁﬁ@b&r‘?ugated

ulus fibrous networks in a nmatri x. Panel
elgfpenter g goraygated eara gement apd toe faggpanele heme beebyn@lded to

ha@? '&Zfﬁh cha 8@&8@% %g%g?g %@P%g gx& h ﬁ‘g%oégrﬁiqa:ﬁ%q glement 20

possessagad Tnmatlo |3 griegiouelytdefingd, idngisg fremeshaut ti Zteabast 10,
| ement 20 conprising a_ corrugated sheet and
pr%gf%bgfrgm 2RitdeS i abey TI@e crestfersesst spaeing, in proportion to

thefﬁfe id] E%‘ﬂneﬁ%ﬁ%ﬁhe %nﬁal Igggkegf flibgéﬁs RLEBRRE, 3P s

ace panel s have een

prevjdusiyl defirdd, canges from s © ta abeut BOabre@embly fidve about 4 to
a T/t ratio, as

d el 20
abﬁ%é# oL dondTal M porrvaailEns gneaiar b periodichy deanst an
Rtudes. eﬁ?éf@}%lb‘( Rraﬂﬁ‘baé’r‘éuéon]staﬁ'ntttﬁraﬁgﬂagt tRie %E&e It is also
fest-to- crest spacng . i i proport

prafoired mahdlmmme@m?@éné BA. r@ngé@lfﬂdm/ z&fo (cameration crests follow
fibrous networks t as EreV|oust defi ned, ranges

a Sﬁrﬁtﬁhtédbghto abctui TalBodthaoh/L s Borrzesb yo ot @Sout 4 to

20 oBBfl &P agd Bo ZERRED HlF ATHIRkNESS g BB Aot to
ab&utazte m@fré%tted Mg HHN ot pdrieds 80 helgd aﬂetséléctéb $@m the group

preferred that the neandering ratio 5/ A ranges from
condsiing elor FarpRtic oa matals aplaralilyof layers of hlgh strength, high tensile

modulus fibrous networks in a matrix, and combinations thereof. The panels are

lhéo _egﬁbggkﬁgfel%@épr QH' rééllve'énj %rér%l?éb. % %%H’hb of

preferably attached to the corrugated element by an adhesive, with the points of
attachment preferably spaced no closer than alternate corrugations per face.

Articles of the invention having out-of plane curvature are useful for
personnel shields and body armor, among other applications. Molding to conform
to the surface of the human body is particularly advantageous.
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a straight line) to about 1, and that 8/L is from zero
to about 0.9. Panels 80 and 90 preferably have a
wa hiogkeress rangi ng from about 1/2t to 25 aboutP@r/USZ0h€017393
pr ef er Iﬁgﬁet %Bﬁ{ér%lmﬁo%q@ﬁp% lrﬁ/%nﬁgﬁl |59Q b3 l|§t|§?é$§ltaﬁg article of
group consi's
mqﬂuﬁaethre gomprisiagea :plunélltylcm lmoatlgaiegitph,eshwgbreme eschely is

ool aior = alndiieyate e ghAermsh, A esiEdnodsion sbrous

nefAbrky mb&ﬁa@.&em thVenﬁmh@@ﬁsz%ﬁ\)éetmdNnbes bh8adPsaidcfugated
at t achnment ge erably spaced no closer than alternate

plyc &1 prapariiant {herthickeess dimensiarcoisaid pluralityiofleyers @nmprlsmg

oo YRS AP G st 2 A g55Bpo wheren o

direpiidri oBtheastsrugdibas igorie prQer@lfat@d With régpevtikd ﬂ@dl@éctlon of
the hunan body is particularly advant ageous.

thez@@w%wfwn BOPINGS PO0 AT Bferaby, a fiatypane lﬁ&t’ﬁ’@hed {5'one of the
ug]gf% ke invention is a ballistic-resistant
artlcl nufacture conprising: a plurality of
cor Figiae €ds@ cudawaydeaveing ilbhestiatiphya hhsee-pkyrrpalhstrci—remstant

pliéd Roces wahithe ‘Hﬁ@@ﬁ&qs%f tﬁé%r@@bﬁoﬁ@ﬁ tHgaédj’é%e'?lt pli¥s afBnged
proportion to the thickness dinension of said

at pohtangles toene apether.c Bl beiunglersiaod tl@turﬂor@dhaughntmphes

mqg)h e u%@c? ﬁ? tr&%ﬂﬁ% %Fﬁ%t%&}"éﬁéq??gﬁgg #0 %ﬁﬂg cyrwr%rg% ions may be
30¢,0452t 60° vk bihef e6RRMHieht® direction of the
corrugat| ons in another p y. Preferably, a flat panel

i s AtRanshédpreterahly ajtachid to the eerrdgated pliee onpatileast the side

TG N T ——

a T/nregiol BS Predogs!p defiged fof #@NPEbEUt PANElabdOt W)‘dTh\éﬂl'/t ratio is
rugated plies 20, 25 with the directions of th
preg %ﬁbu\g

e ganae fCH qa¢h RlipRE 6ARgSs fram ahquirdetp abeutrs. gﬁhe crest-
to-8rah %?ﬂ&ﬂg%‘ﬁaéwﬁﬂ/hﬂyp EErthl 'oth% tME&féﬁ% d?%%n%fb?ﬁtof'mée

t han I es use he an
plmalttymé rayemaoﬁmbreus netveork$, lt/hes poe\nolg;ﬂy deﬂﬁedr&s frbm about 2 to

0 conveni ent a

abgiad Brstorebiv, Jon Ch 8 8o SGa f3hedan i 889 sangas from about
4tbedelit phe side facing a ballistic projectile or

threat. The corrugated plies 20, 25 each possesses a

T/ t Ir general, e persvgatingisyin @@f:hrpé)dmeaﬁder iorthabeyplahedwitio a

0.,.The T/t.ratio is
pefantin iy kpik sndah 2puliids B et BGe SR fp@rerably
and DFP SRl HBSnARTGe BRIAE, iR i eren oAl 8angering
ratiof Slklrbmgmsfromtmo ksorrugatioascrpstevfolinve bystiedghtied) td about 1, and
m about 2 to

thatc 6/L is from zero to about 0.9.

The panel preferably has a thickness t,, of from about 1/2t to about 2t. It is
preferred that material of the panel is selected from the group consisting of a
ceramic, a metal, and a piurality of iayers of high strength, high tensile moduius
fibrous networks in a matrix. The panel is preferably attached by an adhesive with
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about 30. Preferably, the L/t ratio is the sane for
each ply and ranges fromabout 4 to about 20. In
w@eevened217 t he corrugations in each pIy rreanderPﬂ?TrUSfme4/017393

ts Bl S Aanficnido 7% aBRentodirydaied slementhalndspgsed 1o

clodBtBnalRni A8 tfitigaliioughout the article. It is also
preferred that the nmeandering ratio S/ X ranges from

zer o ga@r @fdbatab@ne enazadimeots, dvis areferraddhat thenayers of fibrous

oK ol efiPiaed Bt s ik it oL ARG g iers ot

allgr(ecﬁélmgtarﬁially paralk| ta3n aabiicr efbrigh@tomten flbér difedtiba. It is
anel is selected fromthe group consisting a

Brgferred thitthe fibgh ah@"rrpemjtr%ueqtlynmn ﬁ@l%tegi laverﬁ. ajg rotated
Rt A E it P T
fiberdhie si gieerviaybr 8redtated4iepéradiculRCE ﬂbﬁ.?fﬂﬁaﬁé Oiaaj%enh lagers.

o1 clfcsnchel T 2Baie A e ise 1S PRARTaA BT ATECriy of the

. layefy |%L&>ﬂ§pir%@8 of 'leeﬁ@ﬁé‘wﬁé attaﬁaéﬁpé‘paﬁ@é’éi(%&%$ g/dta hddulus

preferred t | ayers brous networks Tare

of @aawys(e@sde nm,éus» aficd least apgubm@ giskand An anergiia-heeak of

at eha i f 2P g Bs R AR AT T 25 &0 e @B 40F) o

lengtrefed Betraimadte bh&oO%bmtn aviog® m%ﬁéraﬂily eciniafutly ofthe layers is
sel ect ed Iayers are rotated wth respect to the fibe

corgprigRthehiioast havisartenagiikof af 'leaﬁéa%ét@%@/éif érm%lﬂtdﬁéf
I
le iy f 56 ot B L o ek o e S0
e_nbkbds fuethes preferred tpatethe fibers aneadelectedjfrom the gfouphensisting
of ey pBYENS Shies, oy Boors kAo HGr OB TP oy Mot preferred
that H’%"\%ér@ a‘ﬂ@@éie&féd ﬁém%he'g‘?@t% cRafn ﬁgppcﬂﬁlé*th I@ﬁe"’%ers

energy-t break | east’ about as” neasur ed

polfp- p@mylmeF%emtha@nmdehamsoW(Wegﬁage-z 6-begrzbbisaxhazole)
f.bstrai n rate of 100% nmn. Mre preferably, a mpjority
PP t he | ayers is conprised of fibers having a

t enpleé Matek rédin lreasdh ab@istavte®bodimEptivilso®beltbted

el asticity of at |east about 800 g/d and

aceidingyio s ehdeanpligation aHtth%b@U'ﬁtwﬁSJstgnt articlessypporise

s GELER Bbol LRSS (8 Pl BT, HEAPbl, B

witpal tgbatezmbdumlsfaf mg@afst bbouls3mms00 ;pse(rzet atshm?asuht@d by
ASEMO §é§ﬁ3@ﬁ%§l\fl§%é§ s prre ﬁg{tg g ¥ pc%%lsﬁ]t llsrlczgn glastomerlc
mafé’t‘fa@ %I‘% eﬁ'ﬂl@'ﬁ)odﬁﬂgs ess than about 6, ()) Psiy(41. MPa) as measured

pol y( ene- enzobi soxazd
by ASTM D638

! EXAMPLES
Comparative Example 1
Thirty-seven layers of SPECTRA SHIELD® PCR material were molded

into flat panels of 33 cm x 33 cm x 5.5 mm dimensions at a temperature of 116°C

at a pressure of 500 psi (3.44 MPa) for a period of 10 minutes. The areal density
(AD) of the panels was 1.00 Ib/ft2 (4.89 kg/m2).
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The matrix resin in each of the above enbodi ments wl |
be selected according to its end application. If the
whadositeRiT-resi stant article supports a struck@r/ak2004/017393

| caGRECTRA SHELIW PCR Y Q'ibroddt@ o BfohkeywE # $hBrriational Inc.
preferably a rigid resin wth a tensile nodulus of at

Conélégmg gbbinr smsmgnggectmai SBE4)TRA®Migk stredgthy high modulus

Poﬁ’é%gfll\{'lr@?%ﬁ%% (11? %Ngﬁ&lzj 0"/50‘%]@ t@ I%%fvﬁtr A (ﬁhe} Q\%ﬁ@#@%sgg elas%omer

resincudiciz. TeesSRBEGTRA® pbly6tHiéhekbers AhvdRalenasityerSUbRY a
by ASTM D63 Conpar ati ve Exanpl e |

te Prrﬁ?/d@\é%QEBﬁ Jole §n§f3n§5§i§l¥?ﬁ9 B9k ¢45 99cR mat eri al
wer Q’h@‘ﬂa@ Eﬂnel's%é’refé% R8I R Balkt @ésg@; éggtﬁe HRtlod o? MIL-

nmm di mensions at a t erature of pressur
STéY 6620 dassd 22 Januanyaw&?omsnag pe2? cdlitdr, 10grdim fragmenTls&nulator

S8 B T 124 4B MBS T e o

coﬁ@ﬁ@ﬁ%ﬁn@%ﬁh@ddﬂl%d Spécifi¢ e éﬁso?&ﬂﬁwﬂ\é V50 velocity is

International Inc. consistin wo sheets of

the.velPpibeal Whigh tpredsRAEO% nﬂpg&vlbwrtbwgthﬁ pamied wilhibel penstrated by

PRI 8 ebipRt Btk andkbfish SR e Koty

abpmmdtﬂyytherrfalnfel bw;@dmv&}e?r‘eag@meﬂty cﬁfthéﬂtagég TI@@E(SE%AT isa
I d 850 and an eper o-break o
me@%@@' of therusishteMpisney oY heligticpisections te ¥a0 velagiies and

SEgss bﬂ&ebdaﬁemear@ém g{ZT%IEs | 3hE lﬁ%gwdat ed 22

January 1987 using a cal I ber, rain fragnment
Examplest b3 (FSP) and a 9 mm 124 grain full netal

d h di
V80P FemGEI e Bty Bef PEREHEY GOMLUBE BEYSR BYeRok 50
SPE@TQEASHIEﬁD@PUF@m‘é?éM'aTSWG%EHM& hCbhfyRative Exéﬂ?@ The

probability that the panel wll penetrat ed

flatiayate had @n arpal dgnsityfafd. @w@/fg%/(ﬂa@%bgbnz)on (SEAT) i's

o " B8 bEnGTR NP s TrREE R e oG AR E Y PERdd petween

matdheichsteidightat aftémpieestore of 11620 arsd & presire o 500 psT (244
logities and SEAT' s of the panels are shown In
Mgﬁjgﬁ)fefo mingtgs) Theerper ang l@vahﬁwé%ngd@%e@me@nw@d of steel

cylfﬂo%?s P\aéig FE\’%?&%JH%%%&%@ tt\pél g}sfi é?%bﬁgef K Fald A
low@rﬁwhalfﬁﬂé iEllastratedlin Figere SI at panel s had an areal

den§n E&ample 10819 /a];nte%er cf? tﬁe st(egel cyﬁnders was 0.50 inch (12.7mm)
and produced a corrugation with 0.50 inch (12.7 mm) crest-to crest spacing. In
Example 2 the diameter of the steel cylinders was 1.0 inch (25.4 mm) and
produced a corrugation with 1.0 inch (25.4 mm) crest-to-crest spacing. In
Example 3 the diameter of the steel cylinders was 2.0 inches (50.8 mm) and
produced a corrugation with 2.0 inches (50.8 mm) crest-to-crest spacing. The
ratio T/ t between the effective thickness of the corrugated panels and the 5.5-mm
thickness dimension of the 37 layers of the SPECTRA SHIELD® PCR méterial
constituting the panels is shown in Table I.

The corrugated panels were subjected to ballistic testing by the method of

MIL-STD 662E dated 22 January 1987 using a .22 caliber, 17grain FSP and a

10
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The flat panels were re-nolded into corrugated panels
by pressing between 20 matched steel dies at a
wao esoprotur e of 116C and a pressure of 500 psiPE¢BU&2004/017393
anivRa) 24 graih ¢\ buliets . TAd pangipaverardsteaweith thel shofeatity steiking
consjsted of steel  cylinders in side-by-side
ci&F K18 GP Skt & AgEHeRtionwa terah, 8 hessleBed eea abpdt Bidwey

I [

belt\lx?é‘\&w 5 diléﬁ Jiﬁi i Jggﬁgt erhb()\*ébfiéé@éltﬁg% lébce;cffl A Jger §y \?ggorptlon

(S EAT 0 and dhe (4 Icremye in2SEAR delptivel te tw BatquanelighComparative
0.50 i,nch (12..7 st-to t spacing. In

EX%ZEQ?%I%""?%%%“&?"Q%E@WItaﬂgqgtfégw cylinders was 1.0
inch (25.4 mm and produced a corrugation with 1.0

. inch (25.4 my crest-to-crest spacing. In Exanple 3
the dianmeter of the steel cylinders was 2.0 inches
(50.8 nm) and produced a Eakledgation with 2.0 inches
(50.8 mMm) cr aﬁg?z rﬁﬁsac' . ratdp T/ t
bet ween t he B ig e RERT égg—gf’—hgi&—e%ﬁiﬁw ! 1%0 ted

panels and the 5.5-mm thickness di nension of the 37

Lavers of _the SPECTRA_SHI EIl ) _PCR materia
ST, %

ExoREt | Cormuggtiond phhel APs Sh&ike n [ TAHE 1],

CHEF LSRR Ve ogiD, PSSR DY) S s

&sj ng| a . 22 calijber, {17gr ai ﬁ FSP and a 10 in SEAT

2004109217 PCT/II lQ')n( 410173 124 i |
i e8Pid e -

StTTRIng—er ther thejcrest—pf—a corfugatTon, a tTrougl;

Cosap-lef . Tﬁl@tpanelko%wé QQs{ edF{ﬂtth t Hel
or the sloped area about m dway beffween a [crest ahd a

ttough. TBe V50 (vieR®¢i t1.@%, | sigresf | ¢ eT86gy| aBaar ptiong

(SEAT)—andthe % incnease i SEAT relative to.the {1 at

phnel | of @(ﬁrparcﬂ% 5 1E8npl Boudier e 1826s nowd4izn 13

rables t—and it Tbetow —Table t—Balfistit Testing—wth
.22 Caliber 17 gr. FSP 10 Ex. O Corrugatijon T/ t|AD,

Serike V50,0 SEAT 1 8@ Cdng8 pparesy, |i n91Mb/[ft 37 .1 23

Posi-tlion ft/lsec ka lncrease Ex_ . in SEAT Coml1]

Fat [1.0010 00 F|1a$21785333o 4Slope o) 5 19255 1. 83.7Cr st 25

1780 32 778 T %6 2T 0a 0P THRBAT T8993 28T ¢ o

2.0 249 | 1.04 Crest 1928 37.5 24

2.0 2491 1.04 Slope 1949 38.3 27

2.0 249 | 1.04 | Trough 1750 30.9 2

11
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PCT/ US2004/ 017393 Table ||

9nm 124 qrBalligticETesti

Strik
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[ area.

It

is believed that the corrugations were better able to

Chad

rea

and fl atten
Isrseen tBet the

stre

gta %fvlb%g

hi'&tiBie

rs wit

under the jnpact of the projectiles

iforygated artigles g ithg Inyeatier detaated thene

i
Pl'ﬁB@ﬁ IEg gag ﬁg&?\%? r‘{gfbﬁﬁg ﬁﬁg SAfH? h|8¥1 fr'n#ﬁtge flat panels.

It is @lsugeen that agdhe Thb raticcafithe icantugateshpanel indreased the weight
efficiency of ballistic effectiveness increased for projectile strikes on the

corrugation crests or slopes. Moreover, the corrugated articles were generally

more ballistic resistant when the projectile struck the crest or the slope of a

corrugation rather than the trough.

Without being held to a particular theory of why the inventive corrugated

articles were superior to the flat panels, it is believed that this resulted from an

additional energy absorption mechanism in the corrugated panels. When the

projectile struck the corrugations, a compressive wave was initiated in the impact

area. It is believed that the corrugations were better able to bend and flatten

under the impact of the projectiles than the flat panels, thus delaying and reducing

the energy needed to be absorbed by ultimate tensile breakage of the high

strength fibers within. The corrugations were more compliant when struck at the

crest or slope rather than the trough.
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20 crest or slope rather than the trough. 12 WO

2004/ 109217 PCT/ US2004/ 017393 Exanple 4 A conposite
w@eaosade1df the invention as illustrated in FiBUr/ESH04/617393
Exarapbs 4d as follows. Two 2. 7-mm t hi ck flat panels are

nmol ded from 18 | rs of SPECTRA SHI ELD(
t ) CAMPRS el Bl pine; IRveRfignaAsll H%*éateséa @J@ e fHepared as

ofo TP e aagus duat gl e brspcTra
SER® ECR natedsleasodegsdibet ImCopmmia‘svéaExpm@@eéf&fSZﬂ-mm
thighdRt bahelsTirve o aigal BenhBTEad e G ATko R gure 1.
The ﬁc@wrug@tteaqba@@nisl pnr%pérea ﬁérﬂ&irretéf thé %t péﬁ@l@lb}%éssage ata
of 2.0 inches (50.8 , a meander anplitude

femp@ratygegofm HTC, and adueskire Db 5pEIHisbR.45 P a) b_ﬁtwﬂsenrwhre@ated
ol Bl EELTE 15 AR 5Bt b
Of%.r&fhggé?(rgg;am?dé e‘r:f@df tahr@ans 3 gr'f')a % %gm)?‘ d f&8nder

BRI, 6 T 07yt AR o ) s o
of 3 RtardPg&e ar ebnsity e ed 16/m2t Wﬁe%ﬁéﬁm?lrﬁ% tﬂﬁ!ﬁat?ﬁ:ﬂel is

has an overall thickness 15 of .9 mmand an ar
bofelrgite @ fece of the casrugated paoeHar nﬁaas op aneidhesiver agplieddo the

crogipof Ml g, e BouPEST S et edh kg consiss of
thafletdace pemel atiacﬂfedltoQBe |cbfmgateoﬂ§értel bhe eermesiérll thickness
of%tid e of the invention an 6-mm fl at panel are

7 a0 6 TEeLINSY AT o itag by the ot hod of
o APDRMG R pAALAY SRR ity ot 3 B SHER TRA

SHIELE® PERamatérial. hist pqumies ofsb.6empf thidkeess mpadidsean areal

artic f. t.he invention as illustrated in Figure 5.
deﬂF'ItYQJfEQS" ted that the V50 velocity and the specific

ene R th m%rﬁf)b% Sfticld6r the |bh r@nhbcel 6- n%ﬁ ﬂeﬂ?an%are

i nvention W | superior to the panel havi
‘subjestatt fodpalljsticriestiigey theemiethishef I‘t/IiL Sé'ﬁh@ﬁi{llésiateﬁ 22 Hanuary

17 B 5 MBEHRE PRGN el rectea at e

flat pamtSIwothfbdmpfdsﬁb draele draneInvantibh kY Situshiaest inFigure 5.
ur e IS prepared as described in Exanple 4 except

t hgt It t%e'ﬁvafi thrtribe V59 \wlogibrrndithesspasdiccenargy @bsarption of the
co?ﬁ)@%he Afdle BF tHNRVEATHIRBLSE R 1S 1l ndd | SarkIBSTing

essentially the same areal density regardless of the point of impact on the
composite article of the invention.
Example 5

A composite article of the invention with a flat face panel as illustrated in
Figure 5 is prepared as described in Example 4 except that the flat panel is
bonded to the corrugated panel only at the corrugation crests at the edges of the
panei. The interior corrugations are left unbonded.
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panel . The interior corrugations are |eft unbonded. 13
WD 2004/ 109217 PCT/ US2004/ 017393 This conposite
wa@eaabe1pf the invention is believed to have PECT82004/017393

V50 1edestRAd: sﬁ@!agi%% SRR |ﬁ\h§]t|%ﬁ'?§8§hé\?ecﬁtrotHéi)e%@@?/rt ‘{?ﬁ% and

i-nvention described in under. assaul t
SEAlealyesjtean theecorBrasite artielesofAhe dmsuodionelescribed & bkample 4

the i n havin Lindrical out-of-plane
ungﬁfeﬁﬁiﬁtgb% S FIURP ?%I?é ®in Figure 6 is prepared as
Examhplev@. Two uncorrugated panels having cylindrical

curvature are _each nolded from 12 | ayers of SPECTRA

SHI ELDR cpnroriteeariécle &f the inpestian hgving cxkedricahpghelplane
cufkurRde il h OGS iy Aipnd SERE BIGNE, Slyordifnde
panielsitiadng éylirricell @ﬂ'ﬁlgw%@b@e?ﬁ?ﬁbld@ﬂrg@ glagfeﬁtr oC8PECTRA

no
Sfﬁﬁléypﬁ meté’rf?ﬁ yrgssing m%@&qi@@ éyvgkyrirlﬁ%irﬁt%%hdles ata

terﬁBéFéﬂ%tcﬁW @oeeénodé ?es%hré‘ofmﬁ %@N@fa)*&ﬁ 8Rdd @f 10
? fo d oP

pressure of a perio
minutest é-‘sthurﬂ@rmgate@ aaeell rpmmm cy*lmlnaamturvafarae s mepaaad)by

g e B PER IR en PR BrR Pr Bt rRes,

cylfdtital ebrragatad kesd! \de 8P4 tttbdraturberanest anefa pRfssure of 500
corru%/latl ons. The final ballistic-resistant article

pshk44 MHa)dRnaperiad of 19 minuias Ehe cerugated rsiet hase Tt ratio of
2.0 $Re WSk nérr{:ﬁ%tégpcﬁwﬁ%al gbﬁefssarg%ltfa%}ﬁ?g 5‘?1 Qg{:h tf%}geeéﬁﬂe

vel oCity nergy absor
comgakesil ctydindmtalqiaenebby eanisrof entadhesivid ép;ﬂ@dstunhé icpdsts of the

constructed 20 with sane materijials
cofHgeia aﬁ'“%ﬁ@%'rﬁ%”bﬂ“lcgfeﬁﬁt@@ #ricla hase thickepes of 5.4 mm and an
ara LAy 81 O RABBASIA FakGel © of Lhe Tnvention is
prepared havin curvature is prepared using

mat chdtlisnugligivag tatdbe A0 walbatysandihie spscifieenarfly absorption of

tnd Bormp3Sleaeie St FepYtonofil BE Sieiiot & 67 f PandlbbRiucted

withthe SbnfEh@telthls bR HaVinPedseRtaly Pe SANE afdH] danSEy.
conform ng to the front surface of a woman's form but

rtically extending ridges and grooves nachined

TR OR R T HE G D
cuhaygress ppéhared SSkgIiAtcHiduEhEXding AER arBbkswal by

pressi ngrst%(as%\{\/g]g rqmtldhlgg fdllersslts n?aecthlr?ed to have surfaces conforming to
the front surface of a woman’s form. A second set of molding dies is machined to
have surfaces conforming to the front surface of a woman'’s form but with vertically
extending ridges and grooves machined alternately into the matching die
surfaces. ‘

Two panels having complex curvature are each molded from 12 layers
of SPECTRA SHIELD® PCR material by pressing between the first set of
matched molding dies at a temperature of 116°C and a pressure of 500 psi (3.44
MPa) for a period of 10 minutes. A third corrugated panel having the
corresponding complex curvature is prepared by molding 12 layers of SPECTRA

SHIELD® PCR material between the second set of matched molding dies at a
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mat ched nol ding dies at a tenperature of 116C and a

pressure of 500 psi (3.44 MPa) for a period of 10
woreowatier17 A third corrugated panel havi ng t he PCT/US2004/017393

correspondi ng conpl ex curvature is prepared by nol ding

tenié’er'amf@ftﬁ 196°SCBRE EresShileEbLX00 pﬁ@ﬁ AP for ab@émaf 10

he second set of matched nolding dies at a

mlrzﬁea/ T Mmrtg@hedmm@ﬁwgam efdér atha @vwnqqrs@aiﬁa
paﬁelg e %ﬁ%n?.h OSQQCHO ceg):?“t 8{543 gé lfearpﬁ'i"}eﬁ) Bg'n%r%foszé}g

orrugae tio of

adﬁémvé applistt to thegméstd of memugaitbmt tRrahfivehl hallisticheistamt
anel neans of an

At e kIR O 1amGInd e e cepal ot 3 S8Te/1F (4,28 Kom?),
. balli Slf isPdiieved i the Vabivefddt Peldhet: I'E:ee?ﬁer aés ption of
T Sy LB |

mm and an areal density of 0. 4, 78
thel cormpoditsl ardicledbftthainventionsoll belsopetigr tnal flatearsy e:onSiiructed

Lener abso the co i article t.he
wift e St el e lpuh P eSS e gt e sahie diest BhatBhc oo
Ex#driple Bhe sane nateri aI s and having essentially the

sane areal density. Exanple 8 10 A conposite article
of t hé\ rewpasitaartigle efthadeventiea asilivstgted iy Figure 7 is prepared

r
as RUBHE, o i 10 pdrid iy o BRMRY €pc| PRt
SPEATRA §HIEED@BCR Metbriah a@@msl aribed geﬁﬁnmpdatﬂ/elExélfhﬁle 1. The
1. th fl

thr%tgﬁsqun gylgjlg]ﬂgtzéqaqg@ ggctzra gg& a%k%gc enaslvtg o?n Y ke (1.61

/ﬁgzrugated panels are prepared fromtwo of the flat

ahel s by renolding as described in Exanple 3. The
cor Twoaoenigatatepandisase prapagsed froo tway ekthedzd pianglsdfy
ective thickne

h f T of 8.4
renfiifling S fscripgiin Exbmpig a° it car et PRBE hayes c@skie-
crekbééécﬂng{; &f Z@ lhsﬁéézéiso @ﬁﬂngfarﬁé\"ﬁeﬁﬁéftﬁlgﬁiﬁ@éﬂs PanslSming a Tit.

rotated and placed upon the other as 20_illustrated in

ratipi @&@5 2nd @nt argal QQ@IWqu@CQS Mﬁ dﬂ EQ‘]IGQ/UD) r ugat ions in
cor PR tafESbetel wPkisteduiled Saltafecid Gl B Sthel

lllustaﬁtebISn Figura 7t sicthed tHeodiesstionadfitae chuQEﬁtme mforiiﬁpanel are at

esive applied to their points of contact.
”Qrﬂtrﬁr}ﬁiesﬂ%t%ﬁrﬁ'ﬁcﬁ?” phie coreugations e ihe Etr@ﬁ 8apgle eTQﬁ‘ coifiegated

par‘igls %P@gﬁgéﬁ ®f &t %ﬁeP?Vﬁ}esarﬁy of BrPigh<YiveGp ARIRERD' t}ﬁglr points

e cre ternate corruga |ons
ofcfornad:t conposite article of the invention,

R R U o SRR 8L 8 805 P e
panels by means of an adhesive applied to the crests of alternate corrugations.
The final composite article of the invention, as illustrated in Figure 7,
consists of a face panel and two corrugated panels with the directions of their
corrugations at right angles to one another. The overall thickness of this
composite article is 18.6 mm and it has an areal density of 1.04 Ib/ft* (5.08 kg/m?).
Another flat panel is prepared from thirty-eight layers of SPECTRA
SHIELD® PCR material. This panel is of 5.6-mm thickness and has an areal

~ density of 1.03 Ib/ft2.

Both the composite article of the invention and the 5.6 mm flat panel are
subjected to ballistic testing by the method of MIL-STD 662E dated 22 January
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corrugations at right angles to one another. The

overall thickness of this conposite article is 18.6
woreoane2it has an areal density of 1.04 |b/ft2p¢BUSB04/017393
1dksg/us)g a BomAncdliver, f2agrapaRil bulepr €herpedietiilerts directed at the

hirty-ei | ayers .of SPECT . SH ELDXr) PCR
fla If‘@?'iysé‘s‘? 8%5‘3%‘2\9%7'@1 lige C!fﬁge- KYePHPkness and has an
areag i ' find. : : %}q@@ [ ;
arti cllseg‘%][@ tte Egh%nt\bér}ﬁb oké}gélaz ?rt]we 5. Gd meﬁ;m? at Zaatr?gf’rpé'r"é‘ of the
cogpsisde eslicle of thel inventian wildhe sgpdriorth heriathoahalhaving

RUGEY LR g

cogipisiie EMicl® ot tretinvdhgorproj ectile is directed at the

flat panel side of the conposite article of the
E on. It is believed that the V50 velocity and

the spgeighj I P C ' :

art i ol % oV ASBARLABTE PDPBRESYI 208 TBRed Bred yith 20
wtgakRATAN Dyl & pslyésiyicakliyoprane styrenay eiblocketherhyplastic

IO o BF KENLANR SRRTCI 2 R BrEY WANKEAKAR, MArgind fil yarms

: pe&ﬁ@@@ﬂirﬁe{eﬁ- NE@#@@@%%%L}{%@ eg}lyﬂeﬁeitgﬂé&ﬁ%ﬁfbé@ {&dhave a

. % KRATON D1107 pe ne-1 soprene-styrene)
tenaditylad &8 g/l @ndupleasié mathiiug efs¥dmheid. The KEVLAR(r)

yar Fty 153e Bl RaPibheial ikl € mslpdB o B3 b prasis of 33
cnt Xr3gpdih hab Stnaedimeridls S0y fntperbR8of tY 6ot azﬁt;glggs@e%f 500

a tensile nodulus of 976 g/d. Fifty layers of

psi (Rt iia) dor 9 apFipd oA B mibHiasd Tha aeeldensivt (Af2nefitee panels is

X 5.5 mmdi nensions at a tenperature of
D'ﬁlgé/ aq ')éf%%@sz}slure of 500 15 psi (3.44 MPa) for a
per Qv an‘fthétﬂatrpmég/e?ss reThmlcch'ﬁalc; d&nﬁmgme(dﬁfﬁ&n?fby?lhetssing

s | 0.75 | 2 (3.67 . e of the a )
e Geldhersitds) distial ARSI BC, Bl AuprasgUre of 500 psi

. iy o
e LA B B8 o R Rl T o i Widimeter of
thepeterbeyliotlenstisia. B inaes4{ 50 Bewo)i Hdds prodecasal erBugatiba with 2.0

i r_of 20.the steel cylinders. i .0 inches (50.8

incigs (BhE ) el e So S r i T dipr N B voPR o ehrective

thi¢kribs8 oile E6:29datb8 pan@Pang BRCS MommTihckn@ks dimténdibn of the 50
bet ween the effective thickness of the corrugated

layigesef therienpreanated KRWLAR dR@abriaicaasiiiiting tife parels(s 2.49.

et i ok SRR BB BERAR ke {0k B g
pameltarelseibjlctddie halistitt testn@byl thd metiesD oML -STDE62Rdated 22
January 1987 using a 9 mm caliber, 124 grain FMJ bullet.

It is believed that the V50 velocity and the specific energy absorption of the
composite article of the invention will be superior to the flat panel having
essentially the same areal density regardless of the point of impact on the
composite article of the invention.

Example 10

A ZYLON® fabric (Hexcel-Schwebel Style 530) is impregnated with 20
wt.% KRATON D1107 poly(styrene-isoprene-styrene) triblock thermoplastic
elastomer. The ZYLON ® fabric is a plain weave with 11.8 X 11.8 warp and fill
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met hod of M L-STD 662E dated 22 January 1987 using a
wO@20mieRlt ber, 124 grain FM) bullet. It is bel PEwE82004/017393

yafﬁ%eﬂ&#\w@er\/ eZ\”EON@ il ( E) lé%'efQ 6- k%?%ﬁ}éoxazole)) yarns
absorption of nposite ar |cIe 'of the invention

haye & tel§Cl§{19fe42 gld araﬁ ah@mneano@dnépf AgYP . essential ly

| rpact ey g ve TR Y R Bt b S ARP DR it two fa
pahziBn133 drﬁ )@GZ‘éhOQ(H 5 nimbfménsélbhseeb ténirmﬁtafe St y16°C at a
nat VVI th 20 % KRATON D

i npr e
pr‘?ﬁﬁ“i}? §€§9 @ R&L( r?é fag ?P@H‘é‘)’ Of AP nipetest h@?%'ﬁﬂa&gﬁn%ty (AD)
Y ric a plain weave th
?f%é%ér%@i‘f %g\%gb’% EETRIFN & LD S0b4r 100515
PCTQue2d6fthe Giay EQBeIsyarenmqirhd inén &icoetugatedZyariedifay) pressing .

e m i YoStiad ol a TP em iR b bl S prepsutt b psi
(3. préi)rﬁ)?‘é%rlo%’&fﬁ) RinUtE€ ab HBEEUNA ROEXARPIC3. a1rﬁe dlameter of
nmol ded into two f panels of 33 cm X 33 cm X 5.

theisteeheylipgersais %Oﬂrmﬂ@@r(émﬁr@rraf Thispraguces s mr@mlpe thh 2.0

* inchBE (B0 e Ao SforPel it BiocP RV d Sfectie

thiklgies)of tl@aeoﬁrﬁgét’@d gdrl apaitred 5.5-mnt thickrededlimahsion of the
corrugat ed panel essin bet ween mat ched st eel
twefityseyen éaxeéﬁﬁé e lm@eeﬁatfﬂ%éﬂéw@ fgbHS sapelitgting §e panels is
24%?(. 44 MPa) for a period of 10 minutes as described in
anpl e 3. The dianeter of io the steel cylinders is
2 O [ rBﬁthskhe s0mposit} arfiche sf tbmdwﬁmmam@mmwtorﬂrﬁ @intim flat

papekarg SHbjeced 4 bl el bt fiethae LRl o gated 22

Jaﬁ@éw@@tr%@@a@ m?rnelantfé@ 5245?% FMPBLE]%‘%S di mensi on of
the” twenty-Seven ers of the I mpregnated ZYLON(r)

f abHiig behﬁmd that thegv heelpsityepgd ithe speafic ensrggambisorpteon of the

coBBRRTPhELTO 5By ik G R R 16 Bi6 191G RRlieng
esédhtizhg the tane &éal%énsﬁ%@e@@r&lés@&if@ﬁe &ntvbﬁnﬂﬁédt oFBé
usmg@/ag nm cal i ber 24 grain FMJ let. It is

comgpsiEs agicdaaf therevarg®nyel oci ty and the speci fic energy
absor q—‘ié\ﬁﬂ%ﬂ{ust é\?ﬁcnﬁ%ﬁ?ﬁ% ,r{\/%n%ﬁ 'irﬂaﬁhgrf fu l%%&él”t% pg"

w || be superi or ane
undeséotdd thiat gutthdetsil n‘medrmﬁlbecmmtlﬁ gdirergd It@l besthapfurtiee

oint o ct. on the site artjcle of the
chgqépesn@ %ﬁ{o@%ﬁ:a ions may suggenPt?welmselves tlo one skilled in the art, all

falling within the scope of the invention as defined by the subjoined claims.
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Havi ng thus described the invention in rather full
detail, it wll be wunderstood that such detail need
wmoio4heo2strictly adhered to but that further mhnngms4/017393
04y J:1 i:qns may suggest thenselves to one
%I'gggiélméﬁégart all 25 falling wthin the scope of
the invention as defined by the subjoined clains. 17

WO 2004/ 109217 PCT/ US2004/ 017393 What is clained is:
1. 1A bﬁlllﬁéﬂ:’rrESlBtaﬂi adls ohmanafacturedayvingra plirality wf eohragatigns and

bbby Yl o g Reh RS et ibrous
nstuloriss fn| & heisx, Wbt Seffdative Rtkness TBEIHe! ballistie-resistant
effective thi ckness T of the ballistic-resistant

aAticle, dn prepgitiep & theothickness dimensirn é oF saidaivslibnot layers of

i I Y f [ s networks, i$ from
SR Eue rehRer s o BBLGT 24p Al U, 0. Fesi ot ant
2. afthe bhlistid-redistant értmleedfejlannSHMec@hrswﬂbmmugatm are vertically
vertical |l ext end| n r and rooves farnmed
PHiendiapeldges AR arop Seeatier }Ye%l?ﬁﬁl@?‘i"ﬂ% a0RPIHr m
| ReBnkidtiiRd Wa Bl \ﬁﬂﬁterél diftioRal | sti c-resistant

claiml ren said corrugati ons are
3. vEne belisligresistaphalitiolg ofidlajest svngreinsaicbsorfugatihs are vertically

LHERIRE el bBles ReRarliep R B e bR iask By
aéttanghtalr@‘s i6lzabterdl deetiehn said corrugations are
15 and nounds relative to a neutral surface.

4. 5Thqla@"|§m-r¢%$taat aréisiesaf ghaimg} wf@r@nmd;q:qrm@m@r@,qﬁmples
LA ﬁ{oﬁﬁhs}%aﬁ %ﬁ} %gﬁ&bpgdrlfa said corrugations, in
proportion ¥ ?h|c

ness dinension t of said

5. pThe biaihstyc odsistbalyartisleadf daibr budhensihwhos keestits cfestEpacing L of
to.about 30. 6. i stic-resistant

b b

1 EPRUBRIa TP OPRHE I N ARkBRSS dmensigyet f said puralty of
BYBsIcroraths AP 1 ik A6 @laifdlbes 10 i ch

Sa g

fibers are a ned stantl y parallel to one
6. alue balilsm—msgstantcarhnlamffd‘lmmm diheeginieach of safhleyers |s

bal |i sti eS|st nt artl of.c erein s
BBl F SR et e i HiLREBette ofed
adubetarRlly Piar Sl tcp@rse bﬁoﬂi@k afdrRch bampion M dn‘é&l@hed
with respect to the fiber alignment direction of

7. affg hélilsillcamstarz@rsclem claial § wherein seis leyans hawe aral e

ForéieRe OB B s BRHERL Ao s SR PR 86

nmotaté@4vithgespectidindfibéresligimdritelindeion ef Qﬁbth)ér Iéi/em)f e
out 10% greater than the specific ene

8. tﬂ%b@? Istisresistantariele if slaimyhwhagpines g@ﬁéwrea%/*éy MISTD
B8R 22 January 1987, the specific energy absorption of a 9 mm, 124
grain FMJ bullet at the V50 velocity is more than about 10% greater than the
specific energy absorption of a flat plate having the same layers of the same

fibrous networks in the same matrix.

9. The ballistic-resistant article of claim 1 wherein, as measured by MIL-STD

662E dated 22 January 1987, the specific energy absorption of a 9 mm, 124
grain FMJ bullet at the V50 velocity is more than about 20% greater than the
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fibrous networks in the sanme matrix. 30 9. The
ballistic-resistant article of claim1l wherein, as

wore@sneed’ by M L-STD 662E dated 22 January 1987T/Us1004/017393

S5 S Rt B4 1 Bl Sl G o same

gfimeBrnﬁlWarkStlhéhdSam raabik/ 109217 PCT/ US2004/ 017393

Q295 L oA P s S Y e

MBbmblised Of fifdre rwm §&ér¢acﬁt§§yréé@mhaaf éb&;telﬁélgc hghaal}:us of

wherein a mpjority of said ers i's conpris
f Bk?éﬂ@ltm@r\ﬂaﬁﬁj than ehavt 890 gfdand antehergyatmteakigreatyr than
ggu%y 5 elasticity greater than about 300 g/d
Ar- ener gy-to-break greater than about 20 J/g. 11.

1 1T h&hbdhallistit-resistant attRid of&ﬂém i@ wiersinad it ﬁ@ef@f@’é@dé]‘ected from

said fibers are selected from the group consisting
pHIS/FOHPIGORSIStiNg &F polyaiyigne ﬂbeér aramvid fisers pad mb«bpezazole
ffil@&‘ss- 10 12. The ballistic-resistant article of

claim 10 wherein said fibers are selected from the

1y ridepballisisi-resistant afrtigle lof eldiml @nehérdire said fibers are selected from

RS RS o SR S o S P eppinatamice)
bﬁbéﬁs%ﬁd‘-‘pdlﬁ(?'—r%@%erﬂi Q'GClB&ébfbls!B%%l@?hHér% conpri sing:

an el enent "havi n plurality of corrugations, a

a)
1% r»“oh@lhﬂa‘c@ssﬁ’q@ntaartlelarofmmfactm& samngrisiogr ugat ed

oD R RAEhERhO % Byl 81 trrtuciohSYE Eonbiaes AL 2 pegy fece,

mat skt comnegated eldmgert dopprisiity atﬂl\,lr@mﬁﬁﬂa rsotihigh strength,

corrugated_el enent in proportion to the t%c kness

di snsile moguiusHiibrionsinepwerks imadnatrist whersio dke effective
f
pan dekTessTor et S idted ferhént BatdborBp 182 filofles

cor rdugamﬁdn @lf saieiniluralifylof [@pershuiiibraud wetvesksisafidm about 1.2 to

art| %} im13 wherein said panel is attached to
sai C'f’ 'F d el emrent at points that are spaced no

Cleaparichafa8Yed % atbhsr S 6r SR8 Féb%%tdf &&ru%&%ﬁ element.

ballistic-resistant article of claim13 ere

14paHeg baljstierasistant drtiole aftelaim2E3 whergin saitspareél g atifictaed to

8 EofnofeBrenCaradnBuliplere Suriene T Shlar venisey

naiterhite dbrugAtibal | i stic-resi st ant art| cl e of

nufacture conprising a front face, a rear face
15 4R s Jof

e ballistic-resistant article of claim 13 wherein the panel is selected from the
group consisting of a ceramic, a metal, and a plurality of layers of high
strength, high tensile modulus fibrous networks in a matrix.

16. A ballistic-resistant article of manufacture comprising a front face, a rear face

and a plurality of plies, each said ply having a plurality of corrugations and
comprising a plurality of layers of high strength, high tensile modulus fibrous
networks in a matrix,

wherein the effective thickness of each said corrugated ply, in proportion to
the thickness dimension of the plurality of layers comprising the ply, is from
about 1.2 to about 10, and wherein the direction of the corrugations in one ply

are rotated with respect to the direction of the corrugations in another ply.
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and a plurality of plies, each said ply having a
plurality of corrugations and conprising a plurality
wotokayers of high strength hi gh tensile noduPCEUS2004/017393

0 a mat in the
e PR B ok b2 fa AeliPRAG. g apene
pfarpirid BDlRakboné betHd fagks @ﬁ§audlbaﬁmc¢ésn§farﬁ Bfticle.
Eglurallty of layers conprising the , is from about

The ballifisatesisiantzarticlass claim wharané q ballistic-tasistant article
Cc b [ ly are rotated with respect to
tﬁég g??éﬁ:?%@ﬁ g{%ﬁléeocorrugatl ons in another ply. 19
1900 mmalr étﬁﬂriék?sté?@'ﬁrtnﬂé@ﬁélm BBherkin thneallistic-resistant article
ba stl IS antfahycle of claim 16 additionally
Pf'E? B%#@ © Pl W@”é’t"dlyeast one of the faces
200f Tﬁé"bﬁlll@ﬁ@ré%ﬂaﬁt éﬁ%lesé@éiém@ réin ti’\é b\ﬁ;f:f?sﬁc-res:s ant article
bal | i stic-resistant artlcleo alm1 erein
baas pyt-peplepsiosreaiurearticl e has out - of - pl ane
curvature. 5 19. The ballistic-resistant article of
claim 18 wherein the ballistic-resistant article
conforms to the surface of a human body. 20. The
ballistic-resistant article of claim1l wherein the
bal listic-resistant article has out-of-plane
curvature. 20
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